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POPULATION  ESTIMATES,  HABITAT  REQUIREMENTS,  AND  LANDSCAPE 
DESIGN  AND  MANAGEMENT  FOR  URBAN  POPULATIONS  OF  THE  ENDEMIC 
BIG  CYPRESS  FOX  SQUIRREL  {Sciurus  niger  avicennia) 

By 

Rebecca  Selfridge  Ditgen 
December  1999 

Chairman:  Dr.  Stephen  R.  Humphrey 

Major  Department:  Wildlife  Ecology  and  Conservation 

The  Big  Cypress  fox  squirrel  (Sciurus  niger  avicennia)  is  endemic  to  open  forests 
of  southwest  Florida.  Rare  in  wild  lands  of  southwest  Florida,  its  remains  on  certain  golf 
courses  in  Lee  and  Collier  counties.  This  study  was  carried  out  from  August  1995  to 
December  1997  to  document  squirrel  population  levels  in  a  variety  of  golf  course 
landscapes,  to  determine  habitat  use  and  requirements  of  course  populations,  and  to 
provide  guidelines  for  favorable  landscape  design  and  management  in  developing  areas. 

Elements  of  vegetation  composition  and  structure,  and  landscape  configuration 
were  recorded  at  60  golf  courses.  Counts  of  squirrels  were  made  at  each  course  to 
determine  fox  squirrel  population  levels.  A  Landscape  Evaluation  Index,  developed  from 
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cluster  and  factor  analyses  of  landscape  elements,  allowed  ranking  of  the  60  courses  in 
terms  of  their  suitability  for  fox  squirrels. 

Radio-telemetry  was  used  to  examine  home  range  size,  habitat  use,  and  population 
dynamics  at  1  high  quality  course  and  1  lower  quality  course.  Tracking  studies  indicated  a 
density  of  42.4-49.8  squirrels/km2  at  Site  1  and  a  density  of  6.3-8.2  squirrels/km2  at  Site  2. 
Squirrels  fed  heavily  on  pine  and  cypress  from  late  summer  to  mid-winter,  and  relied  on 
native  and  exotic  species  between  March  and  May.  At  Site  2,  squirrels  showed  a  heavy 
reliance  on  feeders  between  January  and  July. 

The  Index  identified  7  courses  with  high  quality  landscapes.  All  were  part  of  36 
hole  courses,  contained  large  stands  of  open  pine  and  cypress,  and  had  large  contiguous 
areas  free  of  automobile  traffic.  The  remaining  courses  had  unfavorable  landscape 
elements:  isolation  within  developed  landscapes,  small  stands  of  undesirable  species,  heavy 
understory  vegetation,  and  complex  development  patterns.  Twenty-three  courses  offer 
little  opportunity  for  habitat  improvement.  Thirty  courses  can  improve  habitat  for  present 
fox  squirrel  residents,  but  do  not  contain  the  landscape  features  required  for  long-term 
populations. 

Landscape  design  and  placement  are  crucial  in  creating  and  preserving  fox 
squirrel  habitat.  Courses,  or  groups  of  courses,  must  contain  large  areas  free  of  roadways 
and  development  to  allow  safer  movement  within  large  home  ranges.  Vegetation  must 
include  large  stands  of  pine,  cypress,  cabbage  palms,  and  associated  native  trees  with 
open  understories. 
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INTRODUCTION 
Framework 

In  the  past  decade,  questions  of  ecologically  sound  landscape  design  and 
management  have  attracted  the  attention  of  an  increasing  diversity  of  scholars  and 
practitioners.  Researchers  in  wildlife  and  conservation  biology,  landscape  architects, 
planners,  developers,  and  a  range  of  physical  and  biological  scientists  have  worked  to 
integrate  a  growing  body  of  biological  principles  and  physical  science  with  species  and 
community  ecology  to  manage  landscapes  for  diversity  and  sustainability  (Forman  1995, 
Saunders  et  al.  1991,  Soule  and  Kohn  1989,  Turner  1989).  With  an  understanding  of  the 
rapid  rates  of  land  conversion  and  a  cognizance  of  perceived  human  needs,  the  visions  of 
design  and  management  reach  from  large-scale  regional  preserves  (Carr  et  al.  1994)  and 
statewide,  single  species  management  plans  (Mech  1998,  Stith  et  al.  1996),  to  smaller 
scale,  county- wide  urban  parks  (Mazzotti  and  Morgenstern  1997)  and  woodlot  planning 
(Fitzgibbon  1993). 

Within  this  larger  movement  toward  ecological  design  and  management,  stirrings 
of  interest  have  emerged  in  some  previously  untouched  arenas.  One  of  these  is  in  the 
community  of  golf  course  designers  and  managers,  where  individuals  have  begun  to  search 
for  ways  to  create  more  ecologically  responsible  golfing  developments  (Grigg  1990,  Foy 
1989).  Golf  courses,  considered  by  opponents  of  development  to  be  the  antithesis  of 
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ecological  diversity  and  sustainability,  have  been  portrayed  as  destroyers  of  wildlands  and 
conduits  for  pesticides  and  fertilizers  (Edmundson  1987,  Foy  1989,  Tietge  1992).  In 
response  to  such  criticism  and  because  of  personal  and  professional  interest  in  a  more 
diverse  environment,  advocates  for  change  are  attempting  to  move  golf  courses  and 
accompanying  developments  toward  more  ecologically  sound  designs,  to  create  more 
"naturalistic  landscapes",  and  thus  to  encourage  the  preservation  of  native  plants  and 
animals  (Dodson  1990,  1994,  Leuzinger  1994). 

To  date,  much  of  the  effort  toward  responsible  golf  course  design  and  management 
has  focused  on  badly  needed  reviews  of  turf  systems  and  course  facilities,  as  well  as 
broader  looks  at  maintenance  of  native  vegetation  in  roughs  (Balough  and  Walker  1992, 
European  Golf  Association  Ecology  Unit  1995,  Weston  1990,  1994).  Scientific  research 
examining  the  benefits  to  wildlife  of  more  natural  and  diverse  golf  course  landscapes  is  just 
emerging.  Initial  research  addresses  the  role  these  newer  or  more  "naturalistic"  courses 
may  play  as  habitat  for  birds.  Early  work  indicates  they  may  contain  more  species  than 
surrounding  landscapes  of  agriculture  or  dense  development  (Terman  1997).  Because 
even  the  most  sensitively  designed  golf  courses  will  save  native  vegetation  in  patches 
separated  by  manicured,  exotic  grass,  and  generally  contain  private  homes  and 
accompanying  vehicle  traffic,  they  cannot  be  expected  to  favor  bird  species  easily 
disturbed  by  humans  or  those  in  need  of  large  areas  without  edges  (Moul  and  Elliott  1994, 
Terman  1997).  Recent  work  in  Kansas  has  shown  that  more  natural  courses  preserving 
large  remnants  of  native  vegetation  may  create  an  avian  habitat  intermediate  to  dense 
development  and  wildlands  (Terman  1997). 
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While  there  is  a  growing  interest  in  understanding  and  improving  golf  courses  as 
habitat  for  avian  species,  little  research  has  been  undertaken  to  examine  their  ability  to 
support  mammals  or  other  non-avian  wildlife,  nor  has  research  considered  the  impact  of 
surrounding  landscapes  on  golf  course  wildlife  (Terman  1997).  Work  by  Jodice  and 
Humphrey  (1992)  in  southwest  Florida  suggested  that  the  threatened  Big  Cypress  fox 
squirrels  may  occur  at  higher  densities  on  golf  courses  near  the  coast  than  in  preserve 
lands  to  the  east  (Jodice  and  Humphrey  1992,  1993,  Maehr  1993).  An  investigation  of 
golf  courses  as  potential  habitat  for  these  relatively  small,  though  wide-ranging  mammals, 
offers  an  excellent  opportunity  to  address  the  broader  question  of  golf  course  landscapes 
as  habitat  for  non-avian  wildlife. 

Problem 

Fox  squirrels  (Sciurus  niger)  are  a  diurnal,  arboreal  species  inhabiting  open  forests 
of  the  eastern  and  central  United  States  (Hall  1981).  The  4  subspecies  of  the  southeastern 
states  are  larger  and  more  varied  in  color  than  those  to  the  north  and  west  and  prefer  open 
pine  forests  with  oaks  and  associated  hardwoods  (Kantola  and  Humphrey  1990,  Moore 
1957,  Weigl  et  al.  1989).  Of  these,  the  Big  Cypress  fox  squirrel  (S.  n.  avicennia)  is  the 
most  restricted  in  geographic  range,  found  only  in  the  southwest  tip  of  Florida,  south  of 
the  Caloosahatchee  River  and  west  of  the  true  Everglades.  Native  to  open  stands  of  slash 
pine  (Pinus  elliottii),  cypress  {Taxodium  spp  ),  and  tropical  hardwoods,  these  squirrels 
frequently  feed  and  move  on  the  ground.  Their  relatively  large  size  and  habits  of  ground 
use  make  them  especially  vulnerable  to  the  widespread  landscape  changes  promoted  in 
recent  decades  (Humphrey  and  Jodice  1992,  Moore  1956,  Williams  and  Humphrey  1979). 
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Human  activities  affecting  fox  squirrel  populations  are  widespread  and  varied  in 
southwest  Florida.  Changes  in  fires  cycles  on  large  preserves  and  privately  owned  forests 
have  allowed  development  of  heavy  understory  vegetation  not  conducive  to  fox  squirrel 
movement  and  ground  feeding.  Conversion  of  range  lands  to  citrus  groves  in  northern  and 
central  agricultural  areas  has  eliminated  open,  parklike  habitat  favorable  to  fox  squirrels 
(Pearlstine  et  al.  1997).  Rapid  urbanization  of  coastal  property  in  Lee  and  Collier  counties, 
from  Naples  to  Ft.  Myers,  has  created  fragmented  habitat  with  serious  obstructions  to 
squirrel  movement,  resulting  in  isolated  populations  amid  shrinking  green  space  (Moore 
1954,  Williams  and  Humphrey  1979,  Jodice  and  Humphrey  1993). 

Demographic  trends  in  Lee  and  Collier  counties,  two  of  the  fastest  growing 
counties  in  Florida,  clearly  illustrate  the  forces  driving  land  conversion  in  the  coastal  zones 
of  both  counties.  The  1970  permanent  population  of  Collier  County  was  38,040.  Between 
1980  and  1990,  Collier  County  grew  by  77%  (Collier  County  DESD  1996).  In  1995, 
Collier  had  a  permanent  population  of  197,400  and  a  seasonal  population  of  245,000. 
Projections  indicate  it  will  grow  to  between  508,00  and  770,00  by  2020  (Collier  County 
1996).  The  1999  population  of  Lee  County  is  given  as  410,000  and  is  expected  to  reach 
940,800  in  2020  (Lee  County  DCD  1998).  Most  of  the  development  in  both  counties  will 
be  concentrated  along  the  coast,  with  Collier  County  expecting  full  development  west  of 
highway  951  by  2050  (D.  Weeks,  person,  commun). 

While  fox  squirrel  populations  have  apparently  declined  in  preserves  such  as  Big 
Cypress  and  Corkscrew  Swamp  and  have  vanished  from  dense  housing  developments  and 
commercial  areas,  they  remain  on  certain  golf  courses  within  and  near  the  burgeoning 
developments  of  western  Lee  and  Collier  counties  (Deborah  Jansen  pers.  commun.,  Jodice 
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1990,  Jodice  and  Humphrey  1992,  1993).  Golf  courses  with  remnant  open  pine  and 
cypress  stands  preserve  fragments  of  suitable  habitat  within  a  swirl  of  traffic  and 
commerce. 

In  an  effort  to  understand  the  ecology  of  these  golf  course  fox  squirrel 
populations,  Jodice  (Jodice  and  Humphrey  1992)  undertook  a  study  of  their  diet  and 
activity  patterns  on  4  Naples  courses  in  1989-1990.  His  work  relied  on  focal-animal 
sampling  of  individuals  located  visually  rather  than  by  radio-telemetry,  undoubtedly 
allowing  bias  in  a  species  that  is  often  difficult  to  see.  His  work  successfully  highlighted 
questions  of  population  levels  and  suitability  of  golf  course  habitats  (Jodice  and  Humphrey 
1993,  Maehr  1993).  It  became  clear  that  little  is  known  about  spatial  needs,  movements, 
habitat  requirements,  or  demography  of  these  urban  populations  and  still  less  about  the 
prevalence  of  these  golf  course  populations  and  the  landscapes  that  might  promote  their 
survival. 

To  evaluate  the  usefulness  of  golf  courses  as  refugia  for  Big  Cypress  fox  squirrels 
we  must  know  more  about  the  ecology  of  the  species  as  well  as  the  impact  of  landscape 
features  and  configuration  on  their  survival.  Can  they  feed,  move,  reproduce,  and  survive 
for  sustained  periods  within  the  fragmented  habitats  found  on  golf  courses?  Are  all 
courses  suitable  or  just  a  few?  And  why?  This  study  will  address  these  questions  by 
looking  at  home  range  size,  habitat  use,  feeding  patterns  and  demography  of  fox  squirrels 
on  golf  courses  and  by  identifying  golf  course  landscape  features  favorable  to  their 
survival. 

The  specific  goals  are  as  follows: 
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1.  To  survey  the  status  of  golf  course  populations  and  the  landscape  elements  of  a 
range  of  golf  course  types  in  order  to  determine  which  features  favor  their  survival.  Sixty 
courses  in  western  Lee  and  Collier  counties  will  be  considered. 

2.  To  gather  data  on  home  range  size,  dispersal,  habitat  use,  and  population 
dynamics  through  the  use  of  radio-telemetry.  Two  golf  course  populations  in  Collier 
County  will  be  studied,  one  with  high  numbers  of  squirrels  and  one  with  lower  numbers  of 
squirrels. 

3.  To  evaluate  the  potential  of  the  60  golf  courses  as  refugia  for  urban  populations 
of  fox  squirrels. 

4.  To  provide  recommendations  for  design  and  management  of  golf  course 
landscapes  to  improve  habitat  for  Big  Cypress  fox  squirrels. 


STUDY  SITE 

All  study  sites  were  located  in  the  western  half  of  Collier  and  Lee  counties  in 
southwest  Florida  (Fig.l).  The  area  has  a  humid  subtropical  climate  with  heavy  influence 
from  the  surrounding  warm  waters  and  the  seasonal  changes  in  the  Bermuda  high  (Chen 
and  Gerber  1990).  These  features  give  rise  to  cool  dry  winters  and  warm,  rainy  summers 
and  autumns,  with  extreme  events  such  as  occasional  hard  frosts  and  hurricanes  playing  a 
strong  role  in  the  composition  of  the  vegetation  community.  Native  vegetation  of  the 
flatwoods  physiographic  region  in  which  the  sites  were  located  includes  pine  flatwoods, 
cypress  domes,  and  mangroves.  The  presence  of  Entisols,  Histosols,  and  Spodosols 
reflect  a  mixed  terrain  of  high,  relatively  dry,  sandy  ridges,  and  low,  poorly  drained 
swamps  (Brown  et  al.  1990). 

Patterns  of  temperature  and  precipitation  varied  from  year  to  year  in  the  3  calendar 
years  of  the  study,  with  wide  deviations  from  normal  in  summer  precipitation  (NOAA, 
1995-97).  Summer  and  fall  of  1995  were  extremely  wet.  Stations  at  Ft.  Myers  and  Naples 
reported  1 .7  m  or  more  of  precipitation  between  June  1  and  October  31,  more  than  0.76  m 
above  normal.  Flooding  and  long-term  standing  water  were  common  on  most  sites  during 
late  summer  and  fall  1995.  In  the  same  months  of  1996  the  stations  received  only  0.56  m 
of  rain,  a  0.36  m  deficit.  January  1997  to  August  1997,  when  the  tracking  studies  ended, 
had  normal  levels  of  precipitation.  The  winter  of  1995-1996  had  at  least  2  cool  periods, 
with  4  nights  of  0  C  ,  and  widespread  damage  to  the  more  tropical  flora.  The  winter  of 
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Figure  1 .  Location  of  study  sites  in  western  Lee  and  Collier  counties.  Black 
dots  are  clubs  visited  for  landscape  and  squirrel  surveys.  Red  dots  are  sites 
of  the  radio-telemetry  studies. 
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1996-1997  was  warmer  than  normal.  An  average  January,  with  warm  weather  (19  C)  and 
1  light  frost,  was  followed  by  2  months  of  high  temperatures.  February  averaged  22  C,  3  .5 
C  above  normal,  and  March  24  C,  3  C  above  normal. 

Landscape  Study 

Of  the  60  golf  courses  selected  for  the  landscape  analysis  and  fox  squirrel 
censusing,  18  were  in  Lee  County,  south  of  the  Caloosahatchee  River,  and  42  were  in 
Collier  County.  Course  landscapes  ranged  from  undeveloped,  with  large  tracts  of  native 
vegetation,  to  intensely  developed  courses  having  close-set,  multiple  story  condominiums 
on  both  sides  of  the  fairways.  Highly  developed  courses  usually  allowed  for  few  trees, 
native  or  exotic,  in  the  roughs.  Courses  ranged  in  age  from  over  40  years  to  those  recently 
opened  and  still  under  development.  The  oldest  courses  in  the  study,  located  near  the  Gulf 
Coast,  commonly  were  isolated  from  other  clubs  and  were  surrounded  by  development. 
On  the  eastern  edge  of  development  courses  tended  to  be  newer,  often  grouped  together, 
and  were  located  within  a  mixture  of  increasing  development  and  remnants  of  pine  and 
cypress  stands. 

Radio-Telemetry  Study 

Two  18-hole  golf  courses  in  Collier  County,  Florida,  were  selected  for  the  radio- 
telemetry  studies  (Figs.  2,3).  Site  1,  the  18-hole  Royal  Poinciana  Cypress  Course,  was  half 
of  a  36-hole  private  Royal  Poinciana  Golf  Club  built  in  1971  in  central  Naples.  Royal 
Poinciana  has  no  residential  development  within  the  135  ha  of  the  golf  course  grounds. 
Fairways  are  bordered  by  open  stands  of  moderate-size  pines  (Pinus  elliottii  var.  densa), 
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Figure  2.  Site  1,  location  map.  Identification  of  golf  courses  known  to  be  used 
by  fox  squirrels  from  Site  1,  Royal  Poinciana  Golf  Club,  Cypress  Course. 
Five  courses  adjoin  Site  1,  including  the  Pines  Course  in  the  same  club. 
Bear's  Paw  is  south  across  Golden  Gate  Parkway.  Stippled  area  is  pine  forest. 
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Figure  3.  Site  1,  aerial  photograph.  Configuration  of  Site  1  and  the 
surrounding  landscape.  Royal  Poinciana  Cypress  Course  is  located  in  the 
center,  with  6  other  18-hole  courses  nearby.  Names  on  Fig.  2. 
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cypress  (Taxodium  ascendens  and  T.  distichum)  and  cabbage  palms  {Sabal  palmetto),  and 
plantings  of  non-native  broad-leafed  evergreens  (Appendix  A). 

Automobile  traffic  around  the  Cypress  Course  is  limited  to  a  short  segment  of 
private  entrance  roadway  on  the  north  side  of  the  Cypress  Course,  with  no  public 
roadways  on  the  boundaries  of  the  course.  Three  golf  courses,  including  the  18-hole  Pines 
Course  within  the  same  club,  comprise  the  western,  northern  and  part  of  the  eastern 
boundaries.  The  south  boundary  is  an  undeveloped  pine  stand  of  1 15  ha  and  the 
remaining  eastern  boundary  is  residential  development  of  varying  density.  Royal  Poinciana 
and  the  neighboring  clubs  are  located  within  a  tract  of  approximately  1020  ha  containing 
6,  18-hole  golf  courses,  of  which  3  are  undeveloped,  2  moderately  developed,  and  1 
heavily  developed.  The  tract  contains  230  ha  of  forested  land,  ranging  from  drier  pine  to 
swampy  cypress  stands.  The  1020  ha  tract  is  bordered  by  4  extremely  busy  roadways, 
Goodlette-Frank,  Pine  Ridge,  Airport-Pulling,  and  Golden  Gate  Parkway. 

Known  predators  at  the  site  included  eagles,  bobcats,  great  horned  owls,  raccoons, 
rat  snakes,  and  the  club  house  cat,  which  was  allowed  to  roam  the  course  at  night. 

Site  2,  Royal  Palm  Country  Club,  is  a  developed  18-hole  course  near  the  eastern 
limit  of  intense  suburban  development  along  Highway  41  East  (Figs.  4  &  5).  The  club, 
built  in  1970,  and  the  adjoining  housing  development  cover  150  ha,  of  which  75  ha  are 
private  homes,  condominium  property  and  roadways.  The  club  lies  within  a  landscape 
currently  undergoing  rapid  and  dense  development.  All  the  fairways  have  development  on 
both  sides,  either  single  family  homes  or  large  condominiums.  When  I  began  research  at 
this  site  in  1996,  8  undeveloped,  pine-covered  lots  remained  along  the  fairways.  In  the 
next  12  months  at  least  4  of  these  were  developed,  with  all  of  the  pines  being  cut.  The 
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dominant  vegetation  of  the  Royal  Palm  roughs  and  the  surrounding  condominiums  is 
open  pine  stands.  Non-native  trees  of  a  limited  variety  are  scattered  around  the  course  and 
are  common  in  the  small  lots  of  the  surrounding  private  homes.  Cypress  trees  are  present 
but  are  not  common  and  generally  are  small.  The  southwest  boundary  of  Royal  Palm 
adjoins  the  public  18-hole  Hibiscus  Golf  Course.  The  Hibiscus  course  and  surrounding 
dense  development,  together  132  ha,  have  few  native  tree  species  and  narrow,  open 
roughs  with  only  small  and  scattered  stands  of  trees  (Appendix  A).  Busy  2-lane  and  4- 
lane  roadways  border  Royal  Palm  on  the  north,  east  and  south,  and  Augusta  Boulevard 
bisects  the  course  from  north  to  south.  Known  predators  at  the  site  included  eagles, 
raccoons,  and  a  domestic  cat. 

Activity  on  the  courses  changed  with  the  seasons.  Golf  play  was  heavy  on  both 
courses  from  December  until  April,  with  Royal  Palm  frequently  having  play  on  every  hole 
from  0730  until  late  afternoon.  Royal  Poinciana  was  generally  less  crowded.  Summer  play 
was  light,  with  each  course  closing  1  day  a  week  for  intensive  maintenance  work  on  the 
course  and  roughs.  Daily  maintenance  work  began  at  0530  or  0600  and  continued  until 
late  afternoon.  In  winter,  maintenance  crews  worked  on  the  courses  every  day,  0630  until 
1430  weekdays,  and  0630  until  noon  on  weekends.  Maintenance  for  the  removal  of 
vegetation  in  the  understory  of  tree  stands  included  mowing,  hand  removal  of  shrubs  and 
herbaceous  plants,  the  addition  of  pine  straw  and  the  use  of  herbicides.  Both  clubs 
irrigated  the  fairways,  greens  and  tees  in  the  early  morning  and  often  again  in  the  early 
evening. 

Cone  production  on  the  study  courses  was  noticeably  higher  in  1996  than  1997.  In 
the  summer  and  fall  of  1996,  following  a  wet  1995  summer  and  fall,  cone  production  on 
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both  pine  and  cypress  trees  appeared  to  be  high,  with  both  species  heavily  laden 
throughout  the  Cypress  Course.  In  1997,  little  cone  production  was  evident  on  pines  and 
the  cypress  suffered  an  infestation  of  tent  caterpillars  in  the  late  spring,  resulting  in 
widespread  defoliation  of  cypress  and  lower  early  season  cone  production. 


METHODS 
Landscape  Evaluation  and  Censusing 

Surveys  of  golf  course  landscapes  and  fox  squirrel  populations  were  conducted  to 
determine  the  status  of  fox  squirrels  and  to  identify  landscape  features  favorable  to  their 
survival. 
Sampling 

Sixty  golf  courses  in  western  Lee  and  Collier  counties  were  selected  for  landscape 
analysis  and  squirrel  censusing.  In  selecting  the  courses  I  looked  for  a  range  of  landscape 
types  relating  to 

•  density  of  development  surrounding  the  club  boundaries,  from  heavily  developed  to 
undeveloped; 

•  type  and  configuration  of  development  on  the  course,  from  undeveloped, 
nonresidential  courses  to  those  with  dense  development  of  houses  and/or 
condominiums; 

•  character  of  the  rough  vegetation,  from  little  and  scattered,  through  open  tree  stands, 
to  dense  forest  stands  with  heavy  understory. 

To  obtain  pre-visit  information  about  age  and  landscape  configuration  for  many  of 

the  80+  courses  in  Lee  and  Collier  counties  I  interviewed  Tim  Hires,  Collier's  Reserve 

Country  Club,  Naples,  and  Mike  Mongoven,  Ft.  Myers  and  Eastwood  Golf  Clubs.  I 

selected  66  courses  for  examination  and  contacted  the  courses  through  their 

superintendents  of  maintenance,  individuals  frequently  most  familiar  with  the  landscape 
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activities  and  wildlife  on  the  courses.  Superintendents  proved  to  be  excellent,  and  often 
interested,  sources  of  information  and  influence. 

I  made  introductory  visits  to  a  majority  of  the  66  courses  in  August  1995- 
December  1995.  Exceptions  were  made  for  courses  flooded  by  heavy  summer  and  autumn 
rains.  Three  clubs  did  not  wish  to  take  part  in  the  study;  from  the  remaining  63  courses  I 
selected  60  courses  in  47  clubs,  42  in  Collier  County  and  18  in  Lee  County  (Appendix  B). 

Each  club  in  the  study  was  visited  3  times  for  censusing  fox  squirrels  and 
landscape  analysis.  The  exceptions  were  those  courses  at  which  I  did  not  see  fox  squirrels 
or  sign  of  fox  squirrels  on  the  first  visit  and  the  superintendent  and  course  workers  had 
not  seen  fox  squirrels  for  at  least  1  year.  At  these  courses  I  made  no  more  than  2  visits  for 
landscape  analysis  and  squirrels  censusing.  Squirrel  censusing  took  place  between 
September  15  and  May  15  each  year,  as  squirrels  were  less  active  on  the  ground  in  the 
summer.  Squirrel  counts  were  conducted  mornings,  0700-1030,  or  late  afternoons,  1500- 
1730,  when  squirrels  were  most  likely  to  be  on  the  ground  and  visible  (Jodice  and 
Humphrey  1993).  Sampling  times  were  limited  to  sunny  days  with  light  or  no  wind  and 
temperatures  over  18°  C. 

I  sampled  for  squirrels  by  driving  around  the  course  in  reverse  order,  to  decrease 
my  interference  with  golfers.  I  stopped  at  each  fairway  for  10  minutes  and  selected  1  or  2 
locations  most  likely  to  attract  squirrels:  open  tree  stands,  trees  with  food  items,  and 
feeder  areas.  I  searched  trees  and  areas  with  open  ground  while  listening  for  sounds  of 
movement  and  communication.  I  recorded  squirrel  sign,  nests,  cone  middens,  and  palm 
leaf  or  bark  pealing.  I  recorded  each  squirrel  spotting  and  did  not  attempt  to  determine  if 
animals  were  recounted  after  moving  to  another  area  of  the  course.  I  counted  individuals 
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on  private  property  adjoining  the  fairways,  such  as  those  using  feeders.  The  highest  count 
of  the  repeated  visits  was  recorded  as  the  number  of  squirrels  seen  at  that  course.  Five 
categories  of  squirrel  counts  were  created  to  allow  grouping  of  courses  by  population 
levels.  They  were 

•  Level  l~none  present,  a  course  at  which  I  did  not  see  fox  squirrels  and  the 
superintendent  and  workers  had  not  seen  them  for  over  a  year; 

•  Level  2~none  seen,  a  course  at  which  I  did  not  see  fox  squirrels  but  the  superintendent 
reported  sightings  within  the  past  year.  This  often  meant  traveling  squirrels  were  on 
the  course  for  a  few  weeks  or  1  or  2  come  from  neighboring  courses  for  occasional 
use. 

•  Level  3 —low,  the  highest  number  of  squirrels  seen  on  the  course  was  1-5. 

•  Level  4~medium,  the  highest  number  of  squirrels  seen  on  the  course  was  6-10. 

•  Level  5— high,  the  highest  number  of  squirrels  seen  on  the  course  was  1 1  or  more. 

In  the  evaluation  of  habitat  variation  between  courses  I  was  interested  in 
landscape  features  that  could  impact  squirrel  feeding,  movement,  nesting  or  predation. 
With  these  needs  in  mind  I  collected  data  on  course  configuration,  place  in  a  larger 
landscape,  vegetation  composition  and  structure,  predators,  course  history  and  human 
interactions  with  squirrels.  A  field  survey  of  questions  that  could  be  answered  with  a  yes 
or  no  response  was  developed  to  report  on  this  range  of  landscape  attributes.  All 
questions  could  be  completed  during  a  3  hour  tour  of  an  18  hole  course  and  a  20  minute 
interview  with  a  knowledgeable  superintendent.  All  final  landscape  surveys  were 
conducted  between  April  and  December  1997. 
Data  Analysis 

Fifty-one  responses,  or  attributes,  from  the  landscape  surveys  were  used  to 
examine  landscape  variation  among  the  60  sampled  courses.  Two  methods  of  examining 
variation  were  used.  Single  linkage  cluster  analysis  was  used  to  identify  aggregations  of 
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similar  courses  based  on  51  landscape  attributes  (Statistical  Analysis  System  6.0).  Two 
prominent  clusters  were  selected  for  further  examination.  Chi-square  (a=0.05)  was  used 
to  test  the  hypothesis  that  attributes  were  randomly  distributed  between  these  clusters. 
Factor  analysis  was  used  as  another  method  to  identify  factors  or  groups  of  attributes  that 
explained  variation  among  the  courses  (SPSS). 

The  29  distinguishing  attributes  identified  though  cluster  and  factor  analyses  were 
used  to  create  a  Landscape  Evaluation  Index  (LEI)  (Bender  et  al.  1996,  Brooks  1997, 
Reading  et  al.  1996,  Thomasma  et  al.  1991,  USFWS  1980,  1981).  The  Index  allowed 
ranking  of  all  courses  and  a  comparison  to  squirrel  population  levels.  These  attributes 
were  grouped  into  3  components  according  to  the  landscape  feature  they  described:  1) 
vegetation,  2)  ground  cover,  and  3)  landscape  position.  Attributes  were  weighted 
according  to  the  differences  in  their  frequency  between  high  and  low  cluster  courses  and 
their  ranking  in  factor  analysis.  For  each  course,  the  sum  of  attribute  weights  was 
expressed  as  a  fraction  of  the  sum  of  weights  for  an  ideal  course.  A  score  of  1  indicated 
that  a  course  had  all  of  the  desirable  characteristics;  a  score  of  0  indicated  that  it  had  none. 
The  geometric  mean  of  the  3  component  scores  was  taken  as  an  overall  LEI  (Reading  et 
al.  1996).  Courses  were  then  ranked  according  to  the  Index  and  compared  to  patterns  of 
squirrel  sightings,  as  indicated  by  the  5  levels  of  population  (Van  Home  1983). 

Habitat  Use  and  Demography 

Radio-telemetry 

A  radio-telemetry  study  was  conducted  to  gather  data  on  home  range,  dispersal 
patterns,  habitat  use,  feeding  patterns  and  demography  of  two  fox  squirrel  populations. 
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Two  sites  were  selected  for  the  study,  one  without  residential  development,  containing  a 
high  number  of  squirrels,  and  another,  well  developed,  with  lower  numbers  of  squirrels. 
Criteria  for  selection  required  that  the  sites  have:  18-hole  courses  with  similar  size 
fairways  and  roughs,  prominence  of  open  pine  stands,  a  course  configuration  that  allowed 
movement  around  the  course  throughout  the  day,  absence  of  3  highly  invasive  exotic  tree 
species  (Casuarina  spp.,  Schinus  terebinthifolius,  and  Melaleuca  quinquenervia), 
squirrels  that  were  not  fed  by  golfers  and  therefore  not  tame,  and  the  strong  support  of  the 
course  superintendent  and  the  club  greens  committee  for  the  research  project.  The  last 
was  especially  important  as  the  clubs  would  provide  golf  carts  for  12-20  months  of 
tracking  endeavors  and  would  support  the  regular  presence  of  a  non-member  researcher 
and  collared  fox  squirrels  on  their  courses.  Permission  to  work  on  Royal  Poinciana 
Cypress  Course  was  granted  in  November  1995  and  that  for  Royal  Palm  in  July  1996. 

Trapping  took  place  during  4  periods:  Site  1  only,  December  1995-March  1996; 
Sites  1  and  2,  July- August  1996,  November  1996-February  1997,  and  July  1997.  Because 
of  the  public  nature  of  the  trap  sites  and  the  desire  to  decrease  stress  to  individuals, 
especially  females  who  might  be  pregnant  or  nursing,  a  trap  line  was  not  used.  Instead, 
squirrels  were  trapped  using  a  focused  trapping  method  in  which  1  or  more  traps  were  set 
for  1  or  2  specific  individuals  in  a  small  area.  One-ended  Tomahawk  #204  squirrel  traps 
were  baited  with  an  oily,  natural  peanut  butter  and  pecans.  Traps  were  placed  on  the 
ground  under  trees  where  squirrels  were  feeding  or  resting  or  within  7  meters  of 
individuals  feeding  on  the  ground.  Often  the  traps  were  covered  with  Spanish  moss  or 
palm  leaves.  The  traps  were  baited,  set  and  covered  with  moss  at  some  distance  from  the 
trap  site  and  rapidly  dropped  off  from  a  golf  cart.  Squirrels  were  acclimated  to  carts  and 
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would  return  to  the  place  of  feeding  after  I  moved  away  from  the  trap.  I  watched  the  traps 
from  30-50  m.  In  the  season  of  low  food  supply,  squirrels  could  frequently  be  baited  into 
the  traps  within  10  minutes  to  1  hour.  This  method  was  generally  successful  during  the 
winter  months,  when  2  or  3  individuals  might  be  trapped  and  collared  in  a  day.  In  the 
summer  and  autumn  months,  particularly  in  food-rich  1996,  squirrels  were  extremely 
difficult  to  trap. 

To  ensure  recapture  and  collar  removal  at  the  end  of  the  study  in  July  1997, 
individuals  were  baited  with  oily  peanut  butter  and  pecans  for  2  weeks  prior  to  the 
trapping  period  as  they  were  located  during  normal  radio-tracking.  Final  trapping  was 
further  aided  by  an  apparently  lower  pine  and  cypress  productivity  in  1997. 

Trapped  squirrels  were  covered  and  moved  to  the  cart  within  1  minute.  Removal 
of  the  trap  cover  encouraged  them  to  move  into  a  dark  cloth  and  net  restriction  tube  that 
was  attached  to  the  opening  end  of  the  trap.  While  constrained  in  the  bag  they  were 
weighed  and  given  an  injection  of  Ketamine  HC1  (lOOmg/ml)  in  the  hip.  Individuals  675- 
800  gms  were  given  0.25cc,  those  800-1000  gms  received  0.3cc.  After  4  minutes  or  when 
they  showed  little  sign  of  movement,  they  were  removed  from  the  bag  and  were  tagged  in 
both  ears  with  monel  sequentially  number  tags  (size  #3,  National  Band  and  Tag,  Newport, 
KY),  measured,  aged,  fitted  with  radio-transmitters  and  photographed.  Females  with 
darkened  nipples  of  any  size  were  considered  adult.  Males  with  developed  testes 
descended  into  the  scrotum  were  considered  adult.  Males  with  no  obvious  scrotum 
development  or  with  slight  development  were  considered  subadult.  There  was  a  clear 
difference  in  the  pelage  and  scrotal  development  between  subadult  males  who  had  never 
developed  sexually  and  adult  males  undergoing  seasonal  fluctuations  of  testicle 
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development.  Subadults  had  shorter,  fine  fur  and  no  vestige  of  scrotal  development.  No 
animals  under  5  months  of  age  were  captured. 

Squirrels  were  released  at  the  site  of  capture  after  spending  3-4  hours  in  a  60  x  30 
x  30  cm  ventilated  wooden  wake-up  box.  Rapid  retrieval,  covering  of  the  trap  and 
immediate  anesthetization  appeared  to  reduce  trauma,  no  squirrels  died  during  trapping  or 
collaring  procedures. 

From  December  1995  to  mid  1996,  25  gm  AVM  (AVM  Instrument  Co., 
Livermore,  CA)  radio  transmitters  configured  as  resin  pods  with  machine  belting  neck 
bands  and  6  inch  back  antennae  were  used.  This  model  proved  unsatisfactory  due  to 
repeated  transmitter  failure,  poor  service  and  removal  by  squirrels  cutting  the  belting.  In 
late  1996, 1  began  using  ATS  (Advanced  Telemetry  Systems,  Inc.,  Isanti,  MN) 
transmitters  with  resin  pods,  very  fine  stainless  steel  chain  neck  bands  and  back  antennae, 
total  weight  of  28  gms.  These  worked  extremely  well,  with  no  radio  failure  or  removal  by 
the  squirrels.  Final  recapture  did  show  that  2  individuals  had  slight  neck  abrasions. 

Collared  squirrels  were  located  a  minimum  of  2  times  a  week,  except  when 
weather,  golf  course  conditions  or  course  use  would  not  allow  (Mech  1983).  Individuals 
were  located  once  a  week  in  2  of  3  daily  tracking  periods,  0630  to  1030,  103 1  to  1430, 
and  1431  to  1900  EST.  Squirrels  were  frequently  located  more  than  once  in  a  sampling 
period;  data  were  collected  on  each  siting.  Open  vegetation  and  ready  access  to  trees 
allowed  visual  sighting  following  radio  location.  When  a  squirrel  was  in  a  nest  or 
concealed  by  heavy  vegetation  and  visual  sighting  was  not  possible,  I  was  able  to  identify 
the  tree  and  the  area  of  the  tree  in  which  the  animal  was  located.  When  an  animal  moved 
to  another  golf  course  I  used  triangulation  (White  and  Garrott  1990)  to  determine  its 
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location  and  then  I  traveled  to  the  course  for  visual  sighting  and  collection  of  activity  data 
if  possible.  When  a  squirrel  disappeared  from  the  course  and  could  not  be  located  at  a 
neighboring  course,  I  searched  the  surrounding  area  in  all  directions.  In  December  1996, 1 
conducted  an  aerial  search  of  Collier  County  west  of  highway  951  in  an  attempt  to  locate 
squirrels  that  had  disappeared. 

Once  an  individual  was  sighted,  its  location  was  mapped  on  aerial  photographs. 
Recorded  data  included:  time,  activity  (3  points  at  60  sec.  intervals),  nature  of  the  site  and 
location  at  the  site,  food  type  if  feeding  on  identifiable  material,  reproductive  condition  if 
visible,  number  of  squirrels  present  within  5  m  (both  fox  and  gray),  and  number  of  collared 
squirrels  within  5  m.  Records  of  temperature,  dew  point,  sky  condition,  and  wind  were 
recorded  at  the  start  of  each  session. 

At  least  once  a  month  throughout  the  course  of  the  study  I  took  visual  counts  of 
fox  squirrels  at  each  study  site.  I  followed  the  procedure  outlined  for  the  60  course 
squirrel  counts  and  in  addition  recorded  if  each  sighted  squirrel  was  collared  or  uncollared. 
These  counts  were  used  to  estimate  the  fox  squirrel  population  of  the  2  study  sites. 
Vegetation  Sampling 

The  tree  stands  on  three  courses,  Royal  Poinciana  Cypress  and  Pines  and  Royal 
Palm,  were  sampled  and  mapped  to  allow  comparison  of  habitats  used  by  the  two  radio 
collared  populations.  The  Pines  course  was  included  in  the  vegetation  sampling  because  it 
bordered  Site  1  on  2  sides  and  collared  male  squirrels  frequently  used  the  area.  The  large 
forested  stands  at  the  Poinciana  courses  were  sampled  using  a  structured  pattern  of  20 
meter  diameter  circular  plots  placed  at  intervals  of  25  meter  from  center  to  center  on  a 
north-south  line  and  at  intervals  of  30  meters  from  center  to  center  in  an  east- west  line. 
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This  arrangement  was  designed  for  the  most  complete  yet  rapid  sampling  of  the  generally 
north-south  tending  forested  areas.  In  the  front  9  of  the  Pines  course  the  pattern  was 
oriented  in  an  east  west  direction  as  the  fairways  in  that  section  ran  at  right  angles  to  the 
rest  of  the  club.  Within  each  plot,  all  trees  over  10  cm  dbh  were  identified  and  measured. 
All  palms  were  counted.  Presence  of  all  saplings  were  recorded.  Understory  coverage  was 
recorded  as  percentage  and  type  and  the  ground  cover  was  recorded  as  litter  if  over  half  of 
the  plot  had  a  significant  layer  of  pine  or  pine  and  cypress  litter.  If  not  noted,  ground  cover 
was  dominated  by  grass  with  occasional  patches  of  bare  soil. 

In  the  narrow  or  small  plots  of  Royal  Poinciana  and  for  the  entire  Royal  Palm 
course,  all  the  trees  in  each  discrete  plot  were  counted.  If  10  or  fewer  of  1  species  were 
counted,  each  tree  was  measured.  If  more  than  10  of  1  species  was  found  in  a  stand,  10  of 
the  trees  were  measured.  Saplings  and  ground  cover  were  recorded  as  in  the  circular  plots. 

The  Royal  Palm  site  contained  a  large  region  of  private  lands  belonging  to 
condominium  complexes  and  private  homes.  All  pines  and  cabbage  palms  on  the  condo 
lands  were  counted  and  all  trees  on  private  lands  on  the  3  streets  of  private  housing  were 
counted. 

Seven  courses  known  to  be  used  by  the  squirrels  of  the  2  study  sites  were 
evaluated  using  the  method  designed  for  the  60  course  landscape  evaluation  portion  of  the 
study.  This  provided  data  on  tree  species  present,  identification  of  dominant  species,  types 
of  ground  cover,  proportion  of  the  course  in  tree  stands,  density  of  the  understory  and 
types  of  ground  cover.  The  large  pine  stand  south  of  the  Cypress  course  and  the 
developing  landscape  east  of  the  Pines  course  were  not  accessible  for  sampling. 
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Data  Analysis 

In  January  1996, 1  conducted  10  repeat  counts  of  fox  squirrels  on  the  Cypress 
course  to  estimate  the  reliability  of  my  squirrel  census  technique.  The  counts  followed  the 
standard  format  presented  in  the  landscape  analysis  methods  section.  Results  of  the  10 
counts  ranged  from  8-16  with  a  mean  of  12.4  and  standard  error  of  0.79.  Calculation  of 
95%  confidence  limits  for  a  small  sample  gave  a  range  of  10.6-14.2  squirrels  (Fowler  and 
Cohen  1992).  Such  a  range  was  considered  reliable  for  the  populations  with  higher 
numbers  of  squirrels.  Reliability  in  smaller  populations  was  expected  to  be  lower. 

Survival  and  birth  rates  of  collared  fox  squirrels  were  calculated  on  6  month 
intervals,  as  opposed  to  12  months,  to  allow  for  movement  of  subadults  out  of  the  sample 
population  on  the  Cypress  course  or  into  the  adult  cohort  of  the  sample  population.  Only 
squirrels  persistent  in  the  sample  population  were  considered  survivors.  Squirrels  no 
longer  persistent  in  the  sample  population  included  subadults  who  dispersed  to  other 
locations,  individuals  who  disappeared,  adults,  generally  males,  who  no  longer  used  the 
study  site  course  but  were  known  to  remain  on  neighboring  courses,  and  individuals 
known  to  be  dead.  Survival  rates  for  adult  females,  adult  males,  subadult  males  and 
subadult  females  were  calculated  as  the  proportion  of  the  collared  squirrels  remaining 
active  in  the  study  site  at  the  end  of  a  6-month  period.  The  birth  rate  was  taken  as  the 
number  of  young  known  to  leave  the  nest.  The  survival  rate  for  juveniles  was  the 
proportion  of  the  summer  1996  cohort  of  young  known  to  be  alive  at  the  end  of  6  months, 
7  of  whom  were  part  of  the  collared  population  in  1997.  Most  subadults,  collared  at 
around  6  months  of  age,  moved  into  the  adult  cohort  at  about  12  months  of  age. 
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Estimates  of  population  size,  the  number  of  fox  squirrels  using  the  Cypress  course, 
were  taken  from  13  counts  of  collared  and  uncollared  fox  squirrels  on  the  course  taken  in 
the  spring  and  summer  of  1996  and  spring  of  1997.  In  late  summer  and  fall  1996,  counts 
were  not  taken  because  the  number  of  collared  squirrels  had  declined  due  to  collar 
removal  and  squirrel  sightings  were  extremely  low  during  these  months  of  concentrated 
feeding  in  pines.  Procedure  for  the  counts  followed  that  presented  in  the  initial  description 
of  fox  squirrel  censusing.  From  these  counts  I  calculated  the  minimum  know  alive  (MKA), 
the  Lincoln  Index,  and  the  Bailey  unbiased  population  estimator  for  small  sample  sizes 
(Bailey  1952,  Krebs  1999.). 

I  used  the  RAMAS  Ecolab  software  (version  2.0,  Applied  Biomathematics)  to 
estimate  growth  rates  in  the  Cypress  population.  Estimates  of  the  6-month  survival  and 
birth  rates  of  life  stages  were  used  to  construct  the  stage-based  population  projection 
matrix.  I  used  birth  rates  from  the  lowest  and  highest  6  month  periods  and  an  average  of 
the  3  periods  to  generate  a  range  of  growth  rates  seen  during  the  study. 

Tracking  locations  were  digitized  using  Atlas  GIS  software  (Strategic  Mapping, 
Inc.,  Santa  Clara,  CA)  on  an  overlay  of  air  photographs  (TRW-REDI  Property  Data, 
1996)  registered  to  7.5  minute  topographic  quadrangles.  Accompanying  data  for  each 
point  were  coded  and  attached  to  point  locations  using  Atlas  GIS  software. 

Home  range  was  determined  using  the  kernel  method  and  CALHOME  software 
(Kie  et  al.  1996,  White  and  Garrott  1990,  Worton  1989,  1995).  Only  1  point  per  sampling 
period  was  used  in  home  range  analysis  (Cresswell  and  Smith  1992).  Points  were  selected 
randomly  in  cases  where  2  or  more  points  were  recorded  during  1  sampling  period.  The 
95%  contour  was  used  to  define  the  home  range  boundary  of  each  individual  and  the  50% 
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contour  as  the  core  area  (Kenward  1992,  Wray  et  al.  1992).  I  calculated  separate  home 
range  data  for  year  1  (December  199 5 -October  31,  1996)  and  year  2  (November  1,  1996- 
July  30, 1997)  to  allow  for  changes  in  the  make  up  of  the  collared  population.  I  used  a 
two-tailed  t-test  for  paired  samples  (a=0.05)  to  compare  home  range  sizes  of  Site  1 
females  that  appeared  in  both  year  1  and  year  2. 1  compared  home  range  size  of  adult 
females  to  adult  males  in  both  years  and  2nd  year  subadults  from  Sites  1  and  2  using  a 
Mann-Whitney  test  (a=0.05)  (Fowler  and  Cohen  1990).  The  small  number  of  adult 
females  and  adult  males  at  Site  2  precluded  statistical  comparisons  using  those  individuals. 

Habitat  maps  were  created  from  aerial  photographs  using  Atlas  GIS  software.  All 
vegetation  sampling  plots,  including  condominium  areas,  water  features,  residential  areas 
and  streets,  and  course  fairways  and  non-forest  roughs  were  outlined  and  the  area  of  each 
type  was  measured.  I  calculated  basal  area,  density,  relative  basal  area,  and  relative  density 
of  each  tree  species  by  plot.  Nine  categories  were  defined  to  represent  the  diversity  of 
vegetation  seen  on  all  3  courses.  Vegetation  categories  were  defined  by  the  relative  basal 
area  (percent  of  total  dm2/ha.)  of  pine,  cypress,  cabbage  palm,  and  other  native  and  exotic 
species.  Tree  stands  were  then  categorized  by  density  (stems/ha  ).  Plots  with  a  pine 
needle  litter  layer  or  a  shrub  layer  were  identified  and  mapped  as  such. 

Using  Atlas  GIS  to  analyze  use  of  the  vegetation  types,  tracking  points  were 
overlaid  on  maps  of  vegetation  classes  for  each  course.  I  compared  actual  use  of 
vegetation  types  to  that  predicted  by  the  percent  area  of  each  vegetation  category.  Chi- 
square  tested  (a=0.05)  the  hypothesis  that  tracking  points  were  randomly  distributed 
among  vegetation  categories. 
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Feeding  patterns  were  examined  by  analyzing  the  tracking  data  in  which  the  food 
item  was  clearly  identified.  All  food  types  taken  more  than  5  times  in  the  19  months  of 
feeding  observations  were  considered.  Changes  in  monthly  feeding  patterns  were 
determined  by  calculating  the  percent  monthly  total  of  each  species  or  food  type 
consumed  each  month  for  the  19  months  of  feeding  records.  A  diversity  index  of  species 
use,  the  inverse  Simpson  (Krebs  1999,  MacArthur  1972,  Williams  1964),  was  used  to 
measure  both  richness  and  evenness  of  use  of  the  food  types. 


RESULTS 
Landscape  Evaluation  and  Censusing 

Squirrel  counts 

I  was  able  to  sight  fox  squirrels  at  all  courses  that  reported  regular  observations  by 
course  personnel.  During  the  squirrel  counts,  5  or  fewer  squirrels  were  seen  at  48  (80%) 
of  the  60  courses.  Fourteen  courses  (23%)  were  level  1,  with  no  squirrels  seen  during 
surveys  and  no  sightings  by  course  staff  in  the  past  year.  Nine  courses  (15%)  were  level  2, 
with  no  squirrels  sighted  during  the  surveys,  but  course  personnel  reported  occasional 
sightings  in  the  previous  year.  Reported  sightings  on  these  courses  were  frequently 
traveling  squirrels  or  an  occasional  visiting  squirrel  from  a  higher  level  neighboring  course. 
Level  3,1-5  sightings,  was  the  largest  category  with  25  courses,  42%  of  the  total.  I 
sighted  6  or  more  squirrels  on  only  12  courses:  6  courses  (10%)  were  level  4,  6-10 
squirrels,  and  6  were  level  5,  with  more  than  10  squirrels  seen. 
Course  attributes 

Cluster  analysis  of  the  60  courses  with  50  attributes  produced  a  dendrogram  with  a 
prominent  cluster  of  1 1  courses  and  a  broader  cluster  of  18  courses  (Fig.  6  ).  The  1 1 
course  cluster,  cluster  1,  contained  courses  with  a  high  occurrence  of  attributes  favorable 
to  fox  squirrels  and  the  18  course  cluster,  cluster  2,  contained  courses  with  a  high  number 
of  landscape  attributes  unfavorable  to  fox  squirrels. 
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Chi  square  tests  of  the  50  attributes  showed  that  20  attributes  were  non-randomly 
distributed  between  the  2  clusters.  Courses  in  cluster  1  were  characterized  by:  large 
patches  of  pine  and  cypress  trees,  open  understories  in  the  tree  stands,  large  areas  of  pine 
litter,  having  adjoining  courses,  being  part  of  a  multi-course  club,  and  having  at  least  50 
acres  of  adjoining  forest.  Cluster  2  courses  were  characterized  by:  a  high  degree  of 
isolation,  few  or  no  sizable  tree  stands,  low  numbers  of  pine  and  cypress,  no  obvious 
dominant  tree  species,  heavy  development  and  busy  roadways  around  the  course  (Table 

1). 

Factor  analysis  produced  2  independent  factors  or  groups  of  attributes  explaining 
27%  of  the  variation  among  the  courses.  Factor  1  accounted  for  14  .6%  of  the  variance 
and  factor  2  for  12.3%.  Factor  1  describes  variation  similar  to  that  seen  in  cluster  analysis, 
large  stands  of  open  forest  on  larger,  grouped  courses  vs  well  developed,  isolated,  courses 
with  more  sparse  tree  cover  and  few  native  species.  Thirteen  attributes  contributing  to 
factor  1  were  the  same  as  those  showing  non-random  distribution  between  clusters  in  the 
previous  analysis  (Table  1).  Factor  2  is  a  comparison  of  "natural"  courses  with  a  heavy 
understory  to  courses  with  clear  understory  and  the  presence  of  planted  exotic  trees.  Eight 
attributes  contributed  to  the  variation  explained  by  factor  2  (Table  1). 

While  cluster  and  factor  analysis  were  quite  useful  in  identifying  characteristics  that 
distinguished  high  and  low  quality  courses  in  this  study,  it  must  be  noted  that  they  do  not 
provide  a  complete  listing  of  all  features  that  are  either  beneficial  or  harmful  to  squirrel 
survival.  Attributes  such  as  untrimmed  cabbage  palms,  while  helpful  to  fox  squirrels  were 
found  on  over  half  of  the  courses  and  occurred  in  all  types  of  landscapes.  Similarly,  known 
predators  such  as  domestic  cats  and  raptors  were  found  throughout  the 
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Table  1.  Distinquishing  attributes  as  selected  by  cluster  and  factor  analyses.  Column 
1,  factors  which  appeared  non-randomly  in  high  and  low  clusters.  Number  is  the 
percentage  difference  of  occurrence  between  high  and  low  clusters.  Column  2,  an 
attribute  in  Factor  1  or  Factor  2  as  determined  through  factor  analysis.  Column  3, 
attributes  are  grouped  as  components  of  the  Landscape  Evaluation  Index.  Column  4, 
a  desired  answer  indicates  it  is  an  attribute  favorable  to  fox  squirrels.  Index  weight 
determined  by  columns  1  and  2. 
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Attributes 

Vegetation- 

well  forested,  large  patches  around  course  and 

76.3 

1 

1 

1 

Y 

7 

1  1 

often  between  fairways 

72.7 

1 

1 

Y 

7 

19 

pines  stands  of  20  or  more  on  most  holes 

81.8 

1 

1 

Y 

7 

33 

Pines  or  pines  co-dominant 

72.2 

1 

Y 

5 

17 

over  100  large  pines/ 18  holes 

79.8 

1 

1 

Y 

5 

18 

pines  occur  throughout  the  course 

61.1 

1 

1 

Y 

5 

20 

over  50  large  cypress/  18  holes 

56.1 

1 

1 

Y 

5 

21 

at  least  4  stands  20+  cypress  trees/ 18hole 

74.2 

1 

Y 

5 

29 

Palmetto  present 

2 

1 

Y 

3 

30 

4  or  more  exotic  food  trees  common 

course  "tight",  narrow  roughs,trees  scattered, 

88.9 

1 

1 

N 

7 

9 

few  or  no  large  stands 

85.4 

1 

1 

N 

7 

34 

no  obvious  dominant/s 

2 

1 

N 

5 

13 

3+  marginally  managed  stands/18  holes 

heavy  forest  vegetation  in  roughs,  can't  see 

2 

1 

N 

12 

more  than  1  hole,housing  0-1  side 

2 

1 

N 

3 

36 

mixed  natives  majority  of  forest/stands 

2 

1 

N 

3 

47 

Large  snakes  present 

50.0 

1 

N 

1 

31 

eucalyptus  present 

Ground 

open  understory.  large  areas  pine  litter,  open 

85.4 

1 

cover-2 

Y 

7 

16 

soil 

2 

2 

Y 

3 

15 

managed  forests,  understory  75%+clear 

unmanaged  stands  show  vine  invasion  and/  or 

2 

2 

N 

3 

14 

other  dense  understory 

Landscape 

50.5 

1 

position-3 

Y 

5 

5 

club  has  36  holes  or  more 

1 

3 

Y 

5 

40 

at  least  1  adj.  course  has  high  levels  F.S. 

65.2 

3 

Y 

3 

39 

adjoining  forest  over  50  acres 

54.0 

3 

Y 

1 

51 

10-25  years  old  in  1997 

77.8 

1 

3 

N 

7 

37 

Completely  surrounded  by  development 

68.7 

1 

3 

N 

5 

3 

club  has  only  18  holes 

50.0 

1 

3 

N 

5 

41 

0  adjoining  courses  with  fox  squirrels 

70.7 

3 

N 

5 

43 

1  or  more  boundaries  with  busv  2  or  4+  lane 

2 

3 

N 

3 

50 

less  than  10  years  old  in  1997 

38.9 

3 

N 

1 

38 

0  adjoining  courses 
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range  of  course  landscapes.  For  this  reason  they  did  not  appear  as  distinguishing  attributes 
of  high  or  low  clusters.  The  list  of  distinguishing  characters  must  not  be  confused  with  a 
more  complete  listing  of  characters  favorable  or  unfavorable  to  fox  squirrels. 
Landscape  Evaluation  Index 

The  Landscape  Evaluation  Index  was  calculated  using  29  attributes,  16  in  the 
vegetation  component,  3  describing  ground  cover,  and  10  relating  to  landscape  position 
(Table  1).  The  60  courses  ranged  from  0.0  to  0.987  on  the  scale  of  0.0  to  1 .0  (Appendix 
B,  Fig.  7)).  Seven  courses  were  over  0.90,  18  from  0.50  to  0.751,  and  35  were  below 
0.50.  There  was  a  gap  with  no  courses  from  0.90  to  0.752.  Examination  of  the  landscape 
configuration  of  the  courses  shows  that  the  7  courses  above  0.90  are  either  undeveloped 
or  have  a  perimeter  development  plan  for  each  course  or  for  the  entire  club  (Fig.  8). 
Courses  with  a  LEI  of  0.75  or  lower  generally  have  more  complex  development  plans 
such  as  the  shown  in  levels  B  and  C  in  Figure  8.  These  require  squirrels  to  cross  streets  or 
travel  through  or  around  larger  forest  stands  with  dense  understory  vegetation  to  move 
from  one  portion  of  the  course  to  another. 

Index  values  were  strongly  correlated  with  squirrel  levels  (r  -  0.747,  p«0.01). 
Courses  that  adjoin  high  level  courses,  but  do  not  themselves  have  an  index  value  over 
0.90,  are  identified  as  Neighbors  in  Figure  7.  Three  of  these  courses  have  level  4 
populations,  though  their  index  values  would  indicate  a  lower  capacity,  and  4  of  the  level 
3  courses  have  higher  populations  than  expected.  Four  of  the  level  1  courses  have 
moderate  LEI  ratings,  yet  no  squirrels.  These  courses  are  newer,  developing  courses  at 
which  the  large  forested  areas  have  heavy,  closed  understory  vegetation  not  favorable  to 
fox  squirrels. 
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Al.  Perimeter  development 


A2.  Concentrated  interior 
development 


B 1 .  Intensified  perimeter 
development 


B2.  Expanded  interior 
development  with 
preserved  wetlands 


CI.  Connected  perimeters 
with  reserved  wetlands 
(incomplete) 


C2.  Radiating  interior 
development 
(incomplete) 


Figure  8.  Development  patterns.  Configurations  of  golf  course  development,  from 
higher  quality  in  level  A,  less  desirable  in  levels  B  and  C.  A2  is  a  schematic, 
others  are  examples  seen  in  the  Collier  County  planning  maps.  Each  plot  is  1  section, 
260  hectares.  Clear  tan  areas  are  the  golf  courses  and  accompanying  forest  stands. 
Green  patches  are  reserved  wetland  areas.  Other  colors:  white,  to  be  developed 
residential;  brown,  agricultural;  pink  and  purple,  commercial.  Housing  areas  are 
represented  by  subdivided  lots  and  street  patterns. 
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Demographics  and  Habitat  Use 

Radio-telemetry  produced  2497  tracking  points  and  accompanying  records  on  29 
individuals  at  Site  1  between  December  1995  and  July  1997,  and  254  tracking  points  at 
Site  2  between  January  and  July  1997.  These  data  were  used  to  examine  population 
structure,  size  and  location  of  home  ranges  (Appendix  C),  nesting  sites,  habitat  use,  and 
feeding  patterns. 
Survival 

Eighteen  fox  squirrels  were  collared  at  Site  1  in  the  first  year,  9  males  and  9 
females.  In  the  second  year,  1 1  more  individuals  were  added  to  the  study,  4  females  and  7 
males.  Adult  male  fox  squirrels  had  lower  average  survival  rates  than  adult  females  (Table 
2).  Three  individuals  were  known  dead  or  moved  to  a  neighboring  course  as  adults.  Four 
individuals  disappeared  from  the  population  and  were  not  located  again  on  the  Cypress 
course  or  on  neighboring  courses. 

Adult  females  had  an  average  6  month  survival  of  0.87,  the  highest  rate  at  Site  1. 
Two  adult  females  disappeared  in  the  fall  of  1997.  One  had  a  home  range  between  2 
aggressive  females  and  was  regularly  chased  by  each.  It  is  possible  this  female  moved  west 
into  the  Hole  in  the  Wall  and  Wilderness  area,  though  she  was  never  seen  on  the  courses. 
The  second  female  disappeared  the  same  day  her  collar  was  found  at  the  base  of  a  tree 
near  a  busy  cart  path. 

At  0.78,  the  survival  of  subadult  males  was  higher  than  adult  males  and  subadult 
females  (Table  2).  The  immediate  fate  of  all  subadult  males  was  known.  In  the  first  year  of 
study,  3  of  the  4  remained  on  the  course  and  moved  into  the  adult  cohort,  and  the 


38 


«  ,55 


-  c 

o  6 


a  c 

w  o 
a 

Q  JS 

0-, 


■8 

E 

| 


|  g 

O  v> 

2  ^ 


all 


©  »n  ci 
ir>  <N  <N 

©  ^  d 


o  o  © 
O  1  >o 


\p  no  r- 

On  On  On 
On  On  On 


8  u' 

O    3  B 


-a 

■J 

•a  I 


o  ©  © 


o  o  o 


NO  NO  f- 
On  On  On 
On  On  On 


1(5 


1 


T3 

■ 


CI 
NO 


O  f*>  f) 
"A   00  NO 


NO  NO  t~- 
On  On  On 
On  On  On 


IS 


«    3  M 


NO 


8  £ 

d 


o  —  o 


O  O  — ' 


NO  NO  t~~ 
On  On  On 
On  On  On 


c  a 

Ma, 

a  -s 

.a  .3  . 


ac 


39 

fourth  dispersed  to  Bear's  Paw  course  and  later  disappeared.  In  1997,  3  of  4  subadult 
males  survived  to  the  end  of  the  study  and  stayed  on  the  course.  The  fourth  died  while 
infected  with  skin  fungus  (Dr.  Sharon  Taylor,  personal  communication). 

Subadult  females  showed  the  greatest  change  in  survival  rates  from  one  season  to 
another  (Table  2).  In  winter/spring  1996,  3  of  the  5  subadult  females  dispersed  from  the 
course,  for  a  6  month  survival  rate  of  0.40.  Two  of  these  were  found  dead  on  other 
courses,  1  within  the  summer  and  the  other  within  the  year.  The  third  dispersing  female 
disappeared  from  a  developed  neighboring  course.  In  winter/spring  1997,  the  3  collared 
subadult  females  remained  on  the  course  in  their  natal  home  ranges  though  the  end  of  the 
study.  At  that  time  they  ranged  in  age  from  1 1  to  13  months.  None  had  reproduced 
though  1  was  known  to  be  the  object  of  a  mating  chase. 

Trapping  difficulties  in  the  summer  1996  meant  than  no  subadults  from  winter 
litters  could  be  collared.  All  subadults  collared  in  the  winter  of  1995-1996  dispersed  by 
August,  or  they  entered  the  adult  cohort. 

The  survival  data  for  Royal  Palm,  Site  2,  covered  a  shorter  period  of  time,  only  7 
months  (Table  3).  Four  adults  were  collared,  2  males  and  2  females.  All  remained  alive 
throughout  the  7  months.  Four  subadults  were  collared,  2  male  and  2  females.  None 
remained  on  the  course  at  the  end  of  6  months.  One  male  disappeared  shortly  after 
collaring.  Both  females  died:  1  following  a  severe  infestation  of  skin  fungus,  the  other 
after  being  hit  by  a  vehicle  on  Augusta  Boulevard.  The  surviving  subadult  male  moved 
from  the  course  through  a  series  of  progressively  more  distant  feeding  sites.  At  the  end  of 
the  study  he  was  living  near  a  feeder  on  the  edge  of  Hibiscus  course  along  Highway  41 . 
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Table  3.  Survival  rates  for  Site  2,  Royal  Palm,  for  January  1997-  July  1997. 
Survival  equals  persistence  in  the  course  population.  No  births,  b(x),  were  recorded 
in  the  collared  population  between  January  and  July  1997. 


SITE  2 

MALES- 

n 

Known 
dead 

Moved/ 
dispersed 

Disappeared 

Persistent  in 

the 
population 

Survival/6 
mo 

Adult 

2 

0 

0 

0 

2 

1.00 

Subadult 

2 

0 

1 

1 

0 

0.00 

FEMALES 

b(x) 

Adult 

2 

0 

0 

0 

2 

0 

1.00 

Subadult 

2 

2 

0 

0 

0 

0 

0.00 
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Reproduction 

Reproduction  at  Site  1  varied  widely  between  seasons  and  between  individuals 
(Table  2).  Winter  reproduction  was  lower  in  1995-1996  and  1996-1997  than  the 
summer/fall  of  1996,  with  only  4  and  3  young  known  to  leave  the  nest  in  the  2  cooler 
seasons.  The  6  month  rate  of  reproduction  for  the  first  winter  season  was  1.00/adult 
female,  in  the  second  winter  season  it  was  0.60/adult  female.  Winter  young  were  born  in 
December  through  February,  emerging  from  the  nest  in  January  through  April.  The 
summer  of  1996  was  one  of  high  reproduction.  Five  of  the  6  adult  females  produced 
evident  young,  with  2-4  young  seen  emerging  from  each  of  the  5  nests,  for  a  total  known 
reproductive  output  of  15,  a  rate  of  2.50/adult  female  for  the  6  months.  Warm  season 
young  were  born  from  early  July  to  September  and  emerged  form  the  nests  between 
August  and  late  October.  Mating  chases  were  recorded  in  April  though  July  and  in 
October. 

Neither  female  at  Site  2,  Royal  Palm,  produced  young  from  a  nest  during  the 
course  of  the  study.  One  female  was  obviously  pregnant  at  the  time  of  collaring  and 
appeared  to  tend  a  brood  nest  for  a  few  weeks.  She  failed  to  show  signs  of  long-term 
nursing  and  no  young  emerged  from  the  nest.  She  appeared  to  be  tending  a  brood  nest 
when  her  collar  was  removed,  as  did  the  other  female  in  the  study.  The  surviving  subadult 
male  in  the  study  was  the  offspring  of  one  of  the  collared  adult  females,  undoubtedly  born 
in  the  summer  of  1996.  At  the  time  of  his  collaring,  he  and  another  subadult  regularly 
accompanied  her.  Though  reproduction  was  not  observed  in  collared  animals  during  the 
study,  some  adult  females  were  successfully  reproducing  at  Site  2,  though  apparently  at  a 
lower  rate  than  Site  1 . 
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Mortality  and  Disease 

Known  causes  of  death  in  the  collared  populations  of  Sites  1  and  2  were: 
automobiles  (2),  skin  fungus  infection  (2),  and  electrocution  (1).  Three  subadult 
uncollared  fox  squirrels  at  Site  1  also  died  from  vehicle  accidents,  1  from  a  car  on  the 
entrance  road  and  2  from  golf  carts  on  the  course.  Of  the  5  squirrels  known  to  be  killed  by 
cars  or  carts  at  the  study  sites,  only  1  remained  at  the  site  of  impact.  The  others  moved 
away,  sometimes  several  meters,  before  they  died. 

Skin  fungus  (Dr.  Sharon  Taylor,  person,  commun),  causing  heavy  fur  loss  and 
blackened  crusting  of  the  skin,  was  apparent  in  both  populations  in  1997,  affecting  at  least 
8  collared  individuals.  One  subadult  died  at  each  site.  It  primarily  affected  subadults, 
though  also  was  seen  in  2  adults.  The  proportion  of  affected  individuals  appeared  similar 
in  collared  and  uncollared  squirrels.  One  uncollared  subadult  died  at  Site  1  within  a  month 
of  the  collared  individual.  Fur  loss  and  darkened  skin  as  seen  in  a  skin  fungus  infection  was 
observed  in  squirrels  at  courses  adjacent  to  the  study  sites  prior  to  1997.  It  was  easily 
transmitted  by  contact  and  feeding  areas  appeared  to  be  vectors,  especially  when  squirrels 
fed  from  a  concentrated  food  supply.  At  least  3  squirrels  with  severe  fur  loss  and  skin 
damage  were  seen  sharing  a  feeder  at  CCN.  The  collared  individuals  who  survived  the 
spring  1997  skin  fungus  infestation  regained  a  thick,  healthy  coat  in  the  late  spring  molt. 

Information  on  predation  is  slight.  A  bobcat  was  seen  killing  a  ground  feeding, 
uncollared  fox  squirrel  at  Site  1  in  1997  (A  Grieser,  person,  commun.).  At  least  1  female 
bobcat  and  2  young  were  regularly  seen  in  the  forest  areas  adjacent  to  Poinciana  on  the 
east  and  west.  The  adult  bobcat  began  frequenting  Poinciana  in  daylight  hours  when  the 
area  immediately  east  of  the  course  was  being  cleared  for  development  in  1997.  There  is 
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no  evidence  of  raptor  kills  on  the  study  sites,  though  I  did  find  apparent  raptor-killed  fox 
squirrels  at  2  other  nearby  courses. 
Population  estimates 

Estimates  of  population  size,  derived  from  repeat  squirrel  counts  at  the  study  sites, 
are  presented  in  Table  4.  Range  of  minimum  number  alive  (MNA)  at  Site  1  is  15-26.  The 
Lincoln  estimates  range  from  15.9-32.5  and  the  Bailey  estimate  for  small  samples  is  15.6- 
30.5.  Counts  in  July  were  understandably  lower  as  a  number  of  subadults  had  dispersed 
from  the  course  and  young  of  the  season  would  not  emerge  from  nests  until  early  fall.  At 
Site  2,  the  MNA  range  is  3-8,  the  Lincoln  estimates  range  from  8.3  to  15,  and  the  Bailey 
unbiased  estimates  are  lower  at  7.5  to  11.7. 

RAMAS  Ecolab  software  (2.0,  Applied  Biomathematics)  calculated  an 
annual  growth  rate  (k)  of  0.803  using  the  Site  1  winter/spring  1997  reproductive  rate  of 
0.23  young/adult  for  6  months,  lowest  of  the  3  periods.  Use  of  the  summer/fall  1996 
reproductive  rate  of  1.25  young/adult  gave  an  annual  growth  rate  of  1.39.  The  average 
birth  rate/adult  for  the  3  periods  of  study,  0.67,  yielded  an  annual  growth  rate  of  1  10. 
Home  range 

At  Site  1,  in  the  first  year  of  study,  adult  female  home  range  size  varied  from  8.0  to 
12.0  ha  (x=10.1  ha)  (Table  5).  Home  ranges  of  the  6  adult  females  cover  the  study  site 
(Fig.  9)  from  the  north  end  to  the  southern  border.  No  other  adult  females  were  observed 
to  make  exclusive  use  of  the  course  during  the  first  year  of  study.  A  light  color  female 
occasionally  fed  in  the  northeast  section  of  the  study  site,  though  the  core  area  of 
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Table  4.  Population  estimates  of  Sites  1  and  2.  Estimates  are  derived  from  repeat  censusing  of 


each  site. 


Tntal 
1  Olal 

iviujvYii 

Collars 

MNA 

Lincoln 

Bailey 

Standard 

seen 

collars 

in  sample 

Index 

unbiased 

error  of 

Index 

Bailey 

Index 

SITE  1 

14-Apr-96 

19 

16 

8 

11 

24 

27.6 

26.7 

4.68 

28-Apr-96 

7 

15 

3 

4 

18 

26.3 

24.0 

6.00 

6-Mav-96 

18 

14 

5 

13 

19 

19.4 

19.0 

2.52 

25-May-96 

10 

13 

6 

4 

1  Q 

8  6? 

6-Jun-96 

11 

13 

5 

6 

18 

23.8 

22.3 

5.09 

l-Jul-96 

9 

13 

3 

6 

16 

19.5 

18.6 

3.60 

l-Jul-96 

11 

13 

2 

9 

15 

15.9 

15.6 

1.92 

l-Mar-97 

14 

19 

5 

9 

24 

29.6 

28.5 

4.96 

20-Mar-97 

8 

18 

2 

6 

20 

24.0 

23.1 

3.86 

29-Mar-97 

19 

18 

7 

12 

25 

28.5 

27.7 

4.38 

6-Apr-97 

15 

17 

7 

8 

24 

31.9 

30.2 

6.32 

21-Apr-97 

16 

17 

7 

9 

24 

30.2 

28.9 

5.59 

ll-Jun-97 

20 

16 

10 

10 

26 

32.0 

30.5 

6.08 

Means 

13.6 

20.9 

26.2 

24.9 

SITE  2 

ll-Jan-97 

8 

0 

8 

0 

8 

19-Feb-97 

6 

5 

4 

2 

9 

15.0 

11.7 

4.41 

8-Apr-97 

3 

7 

1 

2 

8 

10.5 

9.3 

2.33 

15-May-97 

4 

5 

2 

2 

7 

10.0 

8.3 

2.64 

14-Jun-97 

5 

5 

2 

3 

7 

83 

Z5 

1.94 

Means 

7.8 

11.0 

9.2 
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Figure  9.  Adult  females,  Site  1,  year  1.  Tracking  locations  and  home  range  boundaries, 
defined  by  the  95%  contour,  kernel  analysis,  CALHOME.  The  summer/fall  brood  nest 
site  of  each  female  is  identified  by  placement  of  her  individual  number. 
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her  home  range  was  east  of  the  study  site  in  the  Pines  course.  Of  the  431  tracking 
locations  recorded  for  the  females  between  December  1995  and  November  1996,  only  10 
were  outside  of  the  course  boundaries,  all  but  2  of  these  10  remained  within  the 
boundaries  of  the  Poinciana.  Females  did  not  range  into  neighboring  pine  or  cypress  stands 
and  only  ROPO  6  crossed  the  entrance  roadway  on  the  club  grounds  to  feed  in  a  large 
ficus  immediately  north  of  the  road.  All  adult  females  showed  some  home  range  overlap 
with  other  adult  females,  though  none  showed  range  overlap  with  more  than  2  other  adult 
females. 

In  summer/fall  1996  all  females  maintained  a  brood  nest  in  a  location  within  a  core 
area  outside  the  home  ranges  of  all  other  adult  females.  In  the  first  few  weeks  the  of 
summer  brood  nest  occupancy  females  stayed  in  the  nest  most  of  the  day  and  greatly 
reduced  the  area  in  which  they  fed  (Table  6).  Placement  of  the  nest  within  a  small  mixed 
stand  often  allowed  them  to  feed  without  moving  to  the  ground.  A  similar  pattern  of 
reduced  movement  and  isolation  was  not  observed  during  the  winter  brood  nesting  period. 

Adult  males  at  Site  1,  year  1,  had  home  ranges  of  42.52  ha  to  1 18.40  ha 

( x  =  70.84  ha)  (Table  5),  significantly  larger  than  those  of  the  adult  females  (Mann- 
Whitney  U=0,  p<0.05).  The  home  ranges  of  all  4  adult  males  overlapped  in  the  center  of 
the  study  site  (Fig  10).  Other  adult  males  were  regularly  seen  on  the  course.  ROPO  04  and 
ROPO  07  used  the  Cypress  course  almost  exclusively,  while  ROPO  16  used  all  of  the 
Cypress  course  and  the  adjoining  back  nine  of  the  Pines  course  on  the  east.  ROPO  17  used 
portions  of  4  courses,  the  Cypress,  Pines,  Hole  in  the  Wall,  and  the  Country  Club  of 
Naples  to  the  west.  Though  ROPO  17  used  the  open  edges  of  large  forested  stands  within 
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Table  6.  Brood  nest  home  ranges.  Home  range  size  for  3  adult  females 
occupying  brood  nests  in  summer/fall  1996,  Site  1.  Home  range  determined 
by  kernel  analysis,  CALHOME. 

Brood  nest  home  Brood  nest  core  Number 

range,  95%  contour  area,  50%  contour  sightings 

ROPO  02               0.8  ha  16.7  m2  16 

ROPO03               0.3  ha  9.9  m2  13 

ROPO  06               2.1  ha  78.5  m2  9 
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Figure  10.  Adult  males,  Site  1,  year  1.  Tracking  locations  and  home  range  boundaries, 
defined  by  the  95%  contour,  kernel  analysis,  CALHOME. 
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and  between  courses,  he  was  never  found  in  the  interior  of  these  stands.  He  did  not  need 
to  cross  the  roadway  to  move  from  CCN  to  H1W  and  was  regularly  observed  moving  to 
HIW  by  crossing  the  canal  between  the  Cypress  course  and  HIW  by  way  of  a  natural  tree 
bridge  on  the  west  side  of  fairway  2.  These  tree  routes  were  frequently  used  by  several 
individuals  in  moving  between  these  6  neighboring  courses  separated  by  canals. 

Home  ranges  of  the  6  collared  subadults  at  Site  1,  year  1  (Table  5,  Fig.  1 1),  ranged 
from  10.66  ha  to  49.07  ha  (x  =  22. 16  ha).  ROPO  13,  a  male,  began  making  long  day  trips 
to  the  back  nine  of  the  Poinciana  Pines  course  in  the  month  prior  to  his  dispersal.  His  large 
home  range,  twice  as  large  as  the  mean  and  the  next  largest  subadult  home  range,  reflects 
these  trips.  The  4  subadults  in  the  southern  half  of  the  study  site  show  a  strong  overlap 
(Fig.  12),  with  all  four  commonly  using  forested  areas  along  the  7th  and  13th  fairways. 
Three  of  these  4  dispersed  to  other  courses  between  March  and  August  1996.  The  fourth 
stayed  on  the  Cypress  course  until  the  end  of  the  study. 

ROPO  10,  a  subadult  female,  dispersed  from  the  southern  section  of  Site  1  to 
Poinciana  Pines  at  the  end  of  March  1996  and  in  early  April  moved  to  the  CCN  (Fig.  13  ). 
Her  initial  movement  to  the  front  nine  of  the  Pines  course  was  1 .4  km  with  an  additional 
0.85  km  to  CCN.  She  also  frequented  a  home  feeder  at  point  B  and  crossed  Burning  Tree 
Drive  regularly.  She  slipped  her  collar  in  June  1996  and  was  seen  only  once  again,  despite 
subsequent  searches. 

ROPO  14,  a  subadult  female,  dispersed  from  the  northeast  section  of  Site  1  in  late 
April  1996  (Fig.  14),  moving  to  Bear's  Paw  Country  Club.  Her  dispersal  distance  from  her 
Site  1  to  her  first  sighting  at  BP  was  2.8  km.  She  occasionally  fed  on  scraps  put  out  at  Site 
A  with  the  remaining  tracking  sites  at  the  edges  of  heavy  forest  on  the  northeast  edge 
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Figure  11.  Subadults,  male  and  female,  Site  1,  year  1.  Home  range  boundaries  are 
defined  by  the  95%  contour,  kernel  analysis,  CALHOME.  Individuals  that  dispersed 
during  the  1996  spring  and  summer  seasons  are  marked  (*),  home  ranges  are  those 
prior  to  dispersal. 
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Figure  12.  Four  subadults,  Site  1,  year  1. Collared  subadults  in  the  southern  half  of  the 
course.  Tracking  locations  and  home  range  boundaries  indicate  use  of  the  course. 
Three  of  4  squirrels,  2  females,  1  male,  dispersed  from  the  course  in  spring  and 
summer  1996.  Only  ROPO  08  remained  through  year  2  of  the  study. 
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Figure  13.  Dispersal  movement  of  ROPO  10.  Movement  from  Site  1  to  Country  Club 
of  Naples  in  late  March,  1996.  Movement  from  her  central  home  range  area  to  A  was 
1 .4  km,  and  from  A  to  B  an  additional  0.85  km,  for  a  total  2-week  dispersal  distance 
of  2.2  km. 
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Figure  14.  Dispersal  movement  of  ROPO  14.  Dispersal  in  April  1996  to  Bear's  Paw 
Country  Club.  The  distance  from  her  central  home  range  area  to  the  first  off-site 
location,  A,  was  2.8  km.  She  was  found  dead  at  B  in  late  July  1996. 
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of  the  course.  In  July  she  was  limping  badly  (L.  Molden,  person,  commun.)  and  was 
found  dead  in  dense  undergrowth  on  July  24, 1996.  At  least  1  large  cat  regularly  roamed 
the  small  area  where  she  was  found. 

In  mid-May  1996,  ROPO  09,  a  subadult  female,  moved  from  the  center  of  Site  1 
to  the  eastern  end  of  the  Quail  Run  Golf  Course  (Fig.  15),  a  heavily  developed  course  with 
few  tree  stands,  a  dense  street  network  and  heavy  traffic.  By  the  end  of  June  1996,  ROPO 
09  had  moved  to  the  CCN  where  she  often  fed  at  a  home  feeder  station  used  by  2  or  3 
other  fox  squirrels,  at  least  2  of  which  had  severe  fur  loss  with  accompanying  thick, 
darkened  skin,  probably  related  to  a  skin  fungus.  By  August,  ROPO  09  was  suffering  from 
a  similar  fur  loss  when  she  was  tracked  to  the  center  of  the  HTW.  She  returned  to  Site  1, 
Cypress  course,  for  a  brief  period  in  September  1997.  Regular  contact  was  lost  in  early  fall 
due  to  collar  failure.  She  continued  to  use  the  HTW  and  the  south  end  of  the  CCN,  where 
she  frequently  crossed  roadways  in  her  daily  movements.  She  was  found  dead  at  the  side 
of  the  entrance  road  to  CNN  in  April  1997.  Her  initial  dispersal  distance  was  2.6  km  and 
the  total  distance  moved  from  the  original  home  range  to  HTW  was  6.0  km. 

ROPO  13,  a  subadult  male,  dispersed  from  the  southern  section  of  Site  1  to  Bear's 
Paw  Country  Club  in  August  1996  (Fig.  16).  On  August  8,  1996,  he  moved  from  the 
south  border  of  Site  1  to  Golden  Gate  Parkway,  through  1 .2  km  of  pine  forest.  The 
following  morning  he  crossed  the  busy  4  lane  roadway  into  BP,  where  he  was  tracked 
until  mid  August  1996.  His  initial  24  hour  dispersal  distance  was  1 .9  km;  his  total 
movement  distance  from  his  original  home  range  was  3  .5  km. 
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Figure  15.  Dispersal  movement  of  ROPO  09,  mid  May  1996.  First  off-site  location  at 
A,  a  move  of  2.3  km  from  previous  home  range  on  May  20, 1996.  Located  at  B  on 
May  27, 1996,  at  C,  home  feeding  site  on  June  28,  and  at  D  on  August  23.  She  was 
found  dead  at  E,  hit  by  vehicle,  in  April  1997. 
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Figure  16.  Dispersal  of  ROPO  13.  Movement  from  Site  1  to  Bear's  Paw  Country 
Club  on  August  8, 1996.  Points  north  of  A  are  tracking  locations  of  13  before  that 
date.  Movement  from  A  to  B,  1 .2  km,  took  3  hours.  He  crossed  from  B  to  C  the 
following  morning,  for  a  total  24-hour  dispersal  distance  of  1 .5  km.  The  total 
distance  traveled  to  his  final  sighting  was  3.5  km. 
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Figure  17.  Adult  females,  Sitel,  year  2.  Tracking  locations  and  home  range  boundaries, 
defined  by  the  95%  contour,  kernel  analysis,  CALHOME.  Numbered  site  is  1997 
summer  brood  nest  of  female  03 . 
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At  Site  1,  year  2,  the  home  ranges  of  the  5  adult  females  varied  from  9.08  ha  to 
20.92  ha  (x=16.40)  (Fig.  17).  The  4  adult  females  collared  from  the  previous  year, 
showed  significant  increases  in  home  range  size  (Table  5)  ( t=3.95,  P=0.029,  df=3)  though 
each  female  continued  to  use  approximately  the  same  section  of  the  course.  ROPO  03  and 
ROPO  05  increased  use  of  the  edges  of  large  forest  stands  on  the  eastern  edge  of  HTW 
and  ROPO  15  used  open  edges  of  forested  roughs  at  Wilderness  Country  Club  and  a 
feeder  area  on  private  property  adjoining  the  southeast  corner  of  Site  1.  ROPO  03 
expanded  to  the  north  into  the  previous  home  range  of  ROPO  06,  who  disappeared  in 
December  1996.  Core  areas  of  ROPO  03,  ROPO  05,  and  ROPO  15  showed  increases 
from  year  1  to  year  2.  ROPO  1 5  and  ROPO  28  had  high  overlap,  though  location  of  core 
areas  indicated  that  ROPO  28  made  heaviest  use  of  the  southeast  portion  of  the  course 
and  ROPO  15  the  southwest  corner  of  the  corner. 

Only  ROPO  03  was  tending  a  summer  brood  nest  when  the  study  ended  in  July 
1997.  The  second  year  home  range  of  ROPO  05,  a  female,  had  expanded  to  include  the 
fall  1996  brood  nest  site  of  ROPO  03.  ROPO  03  moved  her  1997  summer  brood  nest  to 
the  north,  into  a  tree  stand  formerly  within  the  home  range  of  ROPO  06,  an  adult  female. 

The  6  adult  males  of  Site  1,  year  2,  used  portions  of  5  courses  (Figs.  18,  19). 

Home  range  size  varied  from  44.06  ha  to  121.00  ha  (jc=  90.91  ha)  (Table  5),  significantly 
larger  than  adult  female  home  ranges  in  the  second  year  (Mann-Whitney  U=0,  p<0.05). 
All  of  the  males  used  at  least  some  part  of  2  or  more  courses  and  did  so  with  little  crossing 
of  roadways.  ROPO  20  used  much  of  the  Cypress  course,  visited  the  front  and  back 
sections  of  the  Pines  course  and  frequently  moved  into  Hole  in  the  Wall.  ROPO  18  rarely 
visited  the  Cypress  course,  spending  most  of  his  time  in  the  northern 
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Figure  18.  Three  adult  males,  Site  1,  year  2.  Tracking  locations  and  home  range 
boundaries,  defined  by  the  95%  contour,  kernel  analysis,  CALHOME. 
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Figure  19.  Three  adult  males,  Site  1,  year  2.  Tracking  locations  and  home  range 
boundaries  defined  by  the  95%  contour,  kernel  analysis,  CALHOME. 
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section  of  the  Pines  course  and  the  CCN.  ROPO  07  and  ROPO  08  used  the  Cypress 
course  and  both  sections  of  the  Pines  course.  ROPO  08  and  ROPO  20  had  the  smallest 
home  ranges,  each  using  portions  of  the  Cypress  course  and  the  back  nine  of  the  Pines 
course.  Males  again  showed  strong  overlap  of  home  ranges. 

Seven  subadults  at  Site  1,  year  2,  had  home  ranges  of  5.88  ha  to  21 .47  ha 
(x=14.93)  (Figs.  20  &  21).  All  subadults  show  overlap  with  at  least  3  other  subadults. 
None  of  the  subadults  dispersed  before  the  end  of  tracking  in  July  1997,  though  ROPO 
21,  a  male,  began  to  use  the  northeast  corner  of  Wilderness  Country  Club  to  feed  in  June 
and  July  1997. 

Five  of  the  subadults  at  Site  1,  year  2,  were  born  to  adult  females  ROPO  02, 
ROPO  03,  and  ROPO  05  who  remained  on  the  course  in  the  same  home  range  areas 
throughout  the  study.  Figures  22  and  23  compare  the  1997  spring/summer  home  ranges  of 
the  collared  offspring  to  the  1997  home  ranges  of  their  mothers.  The  female  offspring  of 
ROPO  02  and  ROPO  03  had  home  ranges  entirely  contained  within  those  of  their  mothers, 
while  the  male  offspring  of  ROPO  03  and  ROPO  05  had  home  ranges  that  extended 
beyond  those  of  their  mothers.  The  overlap  of  the  subadult  home  ranges  with  the  core  area 
of  their  mother,  ROPO  05,  is  clear  (Fig.  23). 

Adult  female  ROPO  01  disappeared  in  December  1996  and  offers  no  comparison 
with  her  1997  home  range  area  with  those  of  her  offspring,  ROPO  21  and  ROPO  24  . 
Nevertheless,  it  is  clear  that  her  1996  offspring,  male  ROPO  21  and  female  ROPO  24, 
continued  to  use  their  natal  home  range,  the  core  area  of  female  ROPO  01  before  her 
disappearance  (Fig.  24).  ROPO  24  expanded  to  the  northeast  in  her  mothers  absence  and 
ROPO  21  expanded  to  the  south  and  west. 
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Figure  20.  Three  of  7  collared  subadults,  Site  1,  year  2.  Tracking  locations  and  home 
range  boundaries  as  defined  by  the  95%  contour,  kernel  analysis,  CALHOME. 
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Figure  21.  Four  of  7  collared  subadults,  Site  1,  year  2.  Tracking  locations  and  home 
range  boundaries  as  defined  by  the  95%  contour,  kernel  analysis,  CALHOME. 
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Figure  22.  Two  adult  females  and  offspring,  Site  1,  year  2.  Females,  03  and  02,  and  their 
collared  offspring  from  summer  1996.  Thin  lines  are  subadult  offspring.  Squirrels  27 
and  29  are  females,  26  is  male. 
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Figure  23.  Home  ranges  of  adult  female  and  offspring,  Site  1,  year  2.  Adult  female  05 
and  collared  male  offspring  23  and  25  from  summer  1996.  Yellow  dots  indicate  the 
core  area,  50%  contour,  of  female  05. 
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Figure  24.  Home  ranges  of  female  and  2  offspring,  Site  1,  year  2.  Subadults  21  and 
24,  siblings  from  female  01  in  the  summer  1996,  show  overlap  of  home  ranges  and 
core  areas.  Core  area  of  01,  who  disappeared  in  December  1996,  is  shown  in  light 
blue. 
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All  7  of  the  Site  1,  Year  2,  subadults  continued  to  use  their  natal  homeranges  for 
the  first  year  of  their  lives,  5  sharing  with  their  mothers,  2  remaining  after  their  mother 
disappeared. 

Seven  of  the  8  squirrels  collared  at  Site  2  in  year  2  remained  to  provide  usable 
home  range  data.  ROPA  01  and  ROPA  08,  adult  males,  had  home  ranges  of  136. 1  ha  and 
303  .8  ha,  respectively  (Table  5).  ROPA  01  used  most  of  Site  2,  Royal  Palm,  while  ROPA 
08  used  Site  2  and  most  of  the  neighboring  Hibiscus  Country  Club  (Fig.  25).  ROPA  08 
readily  moved  from  the  east  to  the  west  end  of  his  home  range,  a  distance  of  2.5  km, 
within  24  hours.  Both  males  regularly  crossed  Augusta  Boulevard,  while  their  movements 
on  either  side  of  that  busy  street  generally  followed  the  fairways  and  appeared  to  minimize 
travel  through  housing.  Though  their  home  ranges  overlapped,  they  were  never  seen 
together  as  males  at  Site  1  often  were. 

The  two  adult  females  at  Site  2  had  home  ranges  of  13.06  ha  and  30.57  ha  (Table 
5,  Fig.  26).  Adult  female  ROPA  04  had  a  home  range  50%  larger  than  any  at  Site  1 .  She 
often  crossed  Augusta  Boulevard.  Adult  female  ROPA  06  had  a  home  range  similar  in  size 
to  those  at  Site  1 .  Her  home  range  included  a  regularly  stocked  feeder  at  a  private 
residence.  On  rare  occasions  she  crossed  into  the  central  pine  stand  within  the  private 
housing  area.  Though  the  home  ranges  of  these  2  adult  females  were  widely  separated,  no 
other  adult  females  where  ever  observed  in  the  area  between  their  2  home  ranges. 

Three  of  the  4  collared  subadults  at  Site  2  provided  data  on  home  range  size,  these 

varied  from  25.77  ha  to  108.50  ha  (x=  58.34  ha)  (Table  5,  Fig.  27),  significantly  larger 
than  Site  1  subadults  for  the  same  period  (Mann-Whitney  U=0,  p<0.05).  Male  ROPA  2 


69 


70 


72 

was  an  older  subadult  who  disappeared  within  a  month  of  being  collared  and  provides  no 
usable  home  range.  Female  ROPA  3  used  an  area  on  both  sides  of  Augusta  Boulevard  and 
across  Forest  Hills  Boulevard  into  the  Hibiscus  course.  Female  ROPA  05  used  an  area  on 
both  sides  of  Palmetto  Dunes  Circle.  Male  ROPA  07,  summer  1996  offspring  of  adult 
female  ROPA  06,  had  an  unusual  home  range  use  pattern,  sequential  use  of  small  patches. 
He  spent  a  few  weeks  to  a  month  in  a  small  area  of  a  hectare  or  less  and  then  moved  to 
another  area,  each  time  moving  away  from  his  natal  home  range  at  the  northwest  corner  of 
Site  2.  In  the  final  week  before  his  collar  was  removed  he  had  moved  to  the  west  side  of 
Hibiscus  Country  Club  along  U.  S.  41,  1.2  km  from  his  natal  home  range. 
Nest  Sites 

At  Site  1  fox  squirrels  made  regular  use  of  untrimmed  or  lightly  trimmed  cabbage 
palms,  bromeliads  and  cypress  cavities  for  sleeping  nests.  Stick  nests  were  used  on 
occasion.  The  common  use  of  untrimmed  palms  and  bromeliads  as  nests  eliminated  the 
possibility  of  counting  nests  and  determining  the  nest  to  squirrel  ratio.  Squirrels  were 
regularly  observed  carrying  Spanish  moss  {Tillandsia  usneoides)  to  nesting  sites.  Squirrels 
rarely  constructed  open  platform  nests  for  daytime  resting  but  simply  draped  themselves 
along  branches. 

Brood  nests  were  readily  observed  at  Site  1  in  summer  1996  as  females  seldom 
moved  from  the  nests  for  2  -3  weeks.  Nests  were  located  in  mixed  stands  of  pine, 
untrimmmed  or  lightly  trimmed  palms,  and  cypress  (Fig.  9).  Three  females  used  cavities 
high  in  large  cypress  trees,  1  raised  a  litter  of  4  from  such  a  cavity,  another  a  litter  of  3. 
Two  females  raised  young  in  the  center  of  densely  leafed  palms,  one  a  queen  palm 
(Arecastrum  romanzqffiartum)  and  the  other  a  cabbage  palm.  The  remaining  female  used  a 
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large  bromeliad  high  in  a  large  pine  for  her  nest  site.  The  nest  was  located  in  the  base  of 
the  large  plant.  All  females  used  Spanish  moss  in  constructing  and  maintaining  nests.  The 
queen  palm  nest  also  contained  shredded  queen  palm  leaflets  and  required  her  to  spend 
time  stripping  leaflets  and  tearing  them  into  strips.  Winter  brood  nests  were  similar  to 
those  in  the  summer  of  1996  and  included  2  in  cypress  cavities,  2  bromeliad  nests,  and  1 
palm  nest. 

As  the  study  ended  at  Site  2,  both  adult  females  appeared  to  be  tending  brood 
nests.  One  was  in  a  rather  isolated  moderately  trimmed  cabbage  palm  near  a  canal  and  the 
other  was  in  a  stick  nest  in  a  moderate-sized  pine  tree.  In  the  winter  of  1997,  the  same 
female  was  observed  using  a  wood  duck  box  with  her  offspring  from  the  previous 
summer.  All  3  nested  together  in  the  box  during  times  of  heavy  rain,  cooler  nights,  or  high 
wind. 

Landscape  Composition  and  Vegetation  Mapping 

Landscape  composition  of  Sites  1  and  2  and  the  Poinciana  Pines  course  is 
presented  in  Table  7.  While  Site  2  was  2.3  times  larger  than  Site  1,  the  golf  course  and 
tree  stands  within  the  roughs  of  the  2  courses  were  similar  in  size,  though  not  necessarily 
similar  in  species  composition  or  structure.  The  obvious  difference  in  landscape 
composition  between  the  2  sites  was  the  presence  of  housing  areas  at  Site  2.  Twenty-eight 
percent  of  Site  2  was  occupied  by  residential  development,  streets  and  clubhouse  property, 
and  an  additional  25%  was  condominium  land  and  a  private  pine  stand  within  a  housing 
area.  The  2  courses  that  comprised  Royal  Poinciana  Golf  Club,  Site  1  and  the  adjoining 
Pines  course,  were  similar  to  one  another  in  general  landscape  composition.  The  smaller 
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Table  7.  Landscape  composition.  Landscape  cover  of  Site  1,  Site  2,  and  Royal  Poinciana 
Pines  course.   


Royal  Poinciana 
Cypress 

Royal  Palm 
Site  2 

Royal  Poinciana 
Pines  Course 

Site  1 

Area,  ha 

%of 
total 

Area,  ha 

%of 
total 

Area,  ha 

%of 
total 

Total  size  of  site 

61.4 

141.9 

62.9 

Club  property  in 

30.0 

49% 

26.0 

18% 

24.8 

39% 

tree  stands 

Condominium  land 

0.0 

0 

34.9 

25% 

0.0 

0 

in  trees 

Residential,  streets 

0.0 

0 

40.1 

28% 

0.0 

0 

ana  ciuDnouse 

Lakes,  canals, 

5.5 

9% 

8.0 

6% 

5.3 

8% 

wetlands 

Fairways,  greens, 
sandtraps, 
driving  ranges, 
unforested 

25.9 

42% 

32.9 

23% 

32.8 

52% 

roughs 
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area  of  tree  stands  in  the  Pines  course  reflected  the  open  nature  of  the  back  9  of  that 
course  and  the  presence  of  2  driving  ranges  within  the  course. 

While  Site  1,  Site  2,  and  the  Pines  course  each  had  between  30.0  and  24.8  ha  of 
tree  stands  or  forested  area,  the  species  composition  and  structure  of  these  plots  were  not 
alike.  Site  1  sampling  plots  contained  a  greater  diversity  of  tree  species  than  Site  2  plots. 
(Table  8,  Fig.  28,29).  A  mixture  of  native  tree  species,  pine,  cabbage  palm,  and  cypress, 
dominated  Site  1.  Though  Site  1  was  high  in  native  hardwoods,  there  were  no  class  1,  pine 
dominant,  stands.  Pines  were  found  as  co-dominants  with  cabbage  palm  (11%),  cypress 
(3%),  or  both  (10%).  Cypress  was  dominant  in  14%  of  the  forested  area  and  was  co- 
dominate  with  pines  and/or  cabbage  palms  in  an  additional  3 1%  of  the  area.  Palm 
dominant  stands  accounted  for  8%  of  the  area  in  tree  stands.  At  Site  1,  64%  of  the  tree 
stands  were  dominated  by  the  pines,  cypress  and  cabbage  palms.  A  mixture  of  native 
species,  often  including  oaks  (Quercus  virginianum,  Q.  laurifolia)  ,  maple  {Acer  rubrum), 
red  bay  {Per sea  borbonia)  made  up  another  10%  of  the  forested  landscape.  While  native 
species  dominated  the  landscape,  the  importance  of  exotic  species  on  the  Cypress  course 
was  seen  in  the  extent  of  class  9  (mixed  natives  with  exotics),  which  covered  26%  of  the 
forested  area. 

Site  2  was  dominated  by  pine,  with  68%  of  the  plot  area  in  class  l(pine  dominant) 
and  an  additional  6%  with  pines  as  co-dominants  (Table  8,  Fig.  29).  Cypress  was  a  minor 
element  of  the  Site  2  vegetation,  dominating  in  only  2%  of  the  area.  Classes  6  and  7  of  the 
mixed  natives  were  not  present  at  Site  2.  Exotics  were  less  common  than  at  Site  1 ,  with 
class  9  (mixed  natives  with  exotics)  accounting  for  1 1%  of  the  area. 
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Table  8.  Vegetation  classification  of  Site  1,  Site  2,  and  Royal  Poinciana  Pines. 


Royal 

Royal  Palm 

Royal 

Poinciana 

Site  2 

Poinciana 

Cypress 

Pines  Course 

Site  1 

Vegetation  classes,  by  relative 

Area, 

> 

Area, 

% 

Area, 

% 

basal  area 

ha 

lid 

ha 

ha 

1-Pine,  70%  or  more  pine 

0.0 

0 

17.8 

68 

3.0 

12 

2-Pine  and  cabbage  palm, 

3  2 

11 

0.9 

3 

2.4 

10 

30%  or  more  of  each 

3-Palm,  60%  or  more  cabbage 

8 

1.4 

5 

2.0 

8 

palm 

3.5 

4-Cypress,  60%  or  more 

14 

0.4 

2 

14 

cypress 

5-Pine  and  cypress,  30%  or 

n  o 

3 

0.7 

3 

0  0 

0 

more  each  of  pine  and 

cypress 

6-Pine,  cypress,  c.  palm,  over 

2.9 

10 

0.0 

0 

0.0 

o 

85%  of  the  3  combined, 

with  each  being  over  20% 

7-Cypress  and  c.  palm,  30% 

5.5 

18 

0.0 

0 

0.0 

0 

or  more  of  each  cypress 

and  pine 

8-Mixed  natives-none  of  the 

2.9 

10 

2.1 

8 

1.2 

5 

above  with  20%  or  less 

exotics 

9-M  ixed  natives  with  exotics- 

7.8 

26 

2.8 

11 

12.7 

51 

not  1-7,  with  more  than 

20%  exotics 
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Figure  28.  Tree  stand  characteristics  at  Site  1,  Royal  Poinciana  Cypress.  Nine 
vegetation  classes  are  color  coded.  H=  high  density  (>200  stems/ha),  L=low  density 
(<100stems/ha),  all  patches  not  marked  H  or  L  are  moderate  density  (100-199  stems/ha). 
Presence  of  dense  litter  layer  is  indicated  by  an  asterick  (*);  S=  presence  of  a  shrub 
layer.  Light  gray  areas  between  tree  stands  are  the  fairways,  tees,  and  greens. 
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Figure  30.  Tree  stand  characteristics  for  Royal  Poinciana  Pines  course.  Nine  classes  are 
color  coded.  H=high  density  (>200  stems/ha),  L=low  density  (<100  stems/ha),  all 
patches  not  marked  H  or  L  are  moderate  density  (100-199  stems/ha).  Presence  of  a 
dense  litter  layer  is  indicated  by  an  asterisk  (*);  S=  presence  of  a  shrub  layer.  Gray 
areas  between  tree  sands  are  fairways. 


80 

The  Pines  course  had  a  high  presence  of  exotic  species,  with  51%  of  the  tree  stand  area  in 
class  9,  and  a  much  lower  area  dominated  by  a  mixture  of  pines,  cypress  and  cabbage 
palms  (Table  8,  Fig.  30).  Pine  dominated  stands  (class  1)  accounted  for  12%  of  the 
forested  area  and  pine/cabbage  palm  for  an  additional  10%.  Cypress  dominated  14%  of 
the  area.  Classes  5,  6  and  7,  mixtures  of  pine  cypress  and  cabbage  palm,  were  absent  from 
the  Pines  course. 

Structure  of  the  trees  stands  on  the  3  courses  also  differed  from  course  to  course 
(Table  9,  Figs.  28-30).  Site  1  had  a  higher  density  of  trees  than  Site  2,  with  24.9  ha  of 
forested  area  having  more  than  100  stems/ha  and  only  5.2  ha  in  lower  density  stands.  Site 
2  had  a  much  more  open  landscape,  with  17.9  ha  of  low  density  (<  100  stems/ha)  and  only 
8.4  ha  in  high  and  medium  levels.  The  Pines  course  was  a  mixed  course,  with  a  dense 
forested  front  9  on  the  north  and  an  open  back  9  on  the  south. 

The  presence  of  a  litter  ground  cover,  as  opposed  to  grass  or  bare  soil,  and  the 
presence  of  a  shrub  layer  are  noted  in  Figures  28-30.  Site  2  had  4  plots  with  a  significant 
litter  layer.  All  were  in  pine  dominated  stands,  only  1  with  a  high  tree  density.  Site  1  had  8 
plots  with  heavy  litter  layers,  5  of  these  plots  had  high  tree  density  and  all  of  these  stands 
were  dominated  by  a  mixture  of  native  pine,  cypress  or  cabbage  palms.  Four  plots  at  the 
south  end  of  Site  1  had  a  shrub  layer,  with  wax  myrtle  (Myrica  cerifera)  the  most 
common  understory  species.  The  Pines  course  had  7  plots  with  a  litter  layer  and  5  of  these 
had  high  tree  density.  The  more  open  back  nine  of  the  Pines  contained  2  large  plots  with 
heavy  litter  layers  and  high  to  medium  density  of  trees. 

The  condominium  areas  and  private  forest  stand  at  Site  2  were  dominated  by 
pines,  though  tree  density  varied  widely  with  the  number  of  buildings  and  parking  lots  in 
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Table  9.  Density  of  trees  at  Site  1,  Site  2,  and  Royal  Poinciana  Pines. 


High 

Medium 

Low 

>  200  stems/ha 

100-199 

<100  stems/na 

stems/ha 

Site  1,  R.  P.  Cypress- 

5.2 

area  in  ha 

5.4 

19.5 

% 

-ton/ 

18% 

/-co/ 

1  /  /o 

Site  2,  Royal  Palm 

area  in  ha 

0.7 

7.4 

17.9 

% 

3% 

28% 

69% 

Royal  Poinciana  Pines 

area  in  ha 

7.8 

9.9 

7.1 

% 

32% 

40% 

28% 
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each  plot  (Fig.  29).  Most  condominium  plots  had  low  pine  densities,  with  19.8  ha  in  the 
range  of  30-99  stems/ha  and  5  .6  ha  at  <  30  stems/ha.  High  density  pine  forests  (>200 
stems/ha)  were  found  in  4  plots  totaling  4.5  ha  and  2  plots  totaling  4.0  ha  had  moderate 
densities  (100-200  stems/ha).  The  6  undeveloped  private  home  vacant  lots  bordering  the 
course  in  the  summer  of  1997  had  dense  stands  of  pine  with  scattered  cabbage  palms.  The 
developed  lots  that  circled  the  course  on  all  but  Augusta  Boulevard  had  a  very  low  density 
of  trees,  with  3  or  fewer  trees  in  most  lots.  Pine  and  queen  palms  (Arecastrum 
romanzoffianum)  were  the  most  common  species.  Black  olive  (Bucida  buceras),  cabbage 
palms,  oaks  and  bottle  brush  (Callistemon  rigidus)  were  scattered  throughout  the  lots  of 
private  residences. 
Habitat  Use 

Locations  of  2138  of  the  2497  tracking  points  of  the  Site  1  collared  population 
were  used  to  examine  habitat  preference  on  the  Royal  Poinciana  Cypress  and  Pines 
courses.  The  359  points  not  used  were  located  either  on  neighboring  courses,  fairways  or 
unforested  roughs.  Comparison  of  the  aggregated  area  of  all  plots  in  each  of  the  9 
vegetation  classes  and  the  number  of  points  located  within  the  boundaries  of  each  class 
shows  a  non-random  use  of  forested  areas  (Table  10,  Fig.  31).  On  the  Cypress  course,  all 
subsets  of  the  population  showed  non-random  use  of  the  forested  stands.  In  all  cases,  fox 
squirrels  had  higher  than  expected  use  of  class  2  plots  pine/cabbage  palm  co-dominated 
stands  While  class  2  plots  were  1 1%  of  the  forested  area,  they  accounted  for  18%  of  the 
tracking  locations  for  females  and  28%  for  males.  A  preference  for  class  2  plots  was 
shown  in  both  years  of  the  study. 
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Table  10.  Habitat  preference  tests  on  tracking  points  at  Royal  Poinciana 
Cypress  and  Pines  courses.  Chi-square  tests  the  hypothesis  that  points  are 
randomly  distributed  among  vegetation  types.  Area  of  each  vegetation  class 
predicts  the  number  of  points.  Only  tracking  locations  within  the  mapped 
plots  of  forested  stands  are  included.  Double  asterisk  indicates  results  are 
significant  at  the  0.01  level. 

Number  of 

Tracking  X2  df  p 

Points 


Cypress 

Females,  both  years 

1206 

154.08 

7 

5.60E-30  ** 

Males,  both  years 

768 

242.76 

7 

9.60E-49  ** 

Year  1,  all  squirrels 

1036 

208.12 

7 

2.18E-41  ** 

Year  2,  all  squirrels 

938 

128.51 

7 

1.28E-24  ** 

Summer  1996 

276 

81.57 

7 

6.59E-15  ** 

Summer  1997 

340 

41.29 

7 

7.12E-07  ** 

Pines 

All  points 

164 

20.73 

5 

0.0009  ** 

Males,  both  years 

140 

17.59 

5 

0.0035  ** 

Year  1  all  squirrels 

65 

7.99 

5 

0.1570 

Year  2  all  squirrels 

99 

18.31 

5 

0.0026  ** 
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Site  1  fox  squirrels  showed  consistent  underuse  of  cabbage  palm  dominated  plots, 
cypress  dominated  stands  and  plots  of  mixed  natives.  Females  showed  a  preference  for 
pine/cypress  dominated  plots,  as  well  as  pine/cypress/cabbage  palm  stands  and 
cypress/cabbage  palm  forested  areas  (Fig.  31).  Males  underused  or  showed  expected  use 
of  all  vegetation  types  other  than  the  pine/cabbage  palm  plots. 

On  the  Pines  course  the  aggregation  of  all  tracking  points  within  the  tree  stands 
shows  a  preference  for  pine  plots,  mixed  natives  and  natives  with  exotics.  Both  cabbage 
palm  plots  and  cypress  stands  were  underused  (Fig.  32).  Females  used  the  Pines  course  so 
rarely,  only  24  points  in  the  2  years  of  the  study,  that  they  were  not  examined  separately 
for  patterns  of  use.  The  summer  subsets  were  similarly  small  and  not  separately  analyzed. 
In  the  first  year  of  the  study,  fox  squirrel  use  of  tree  stands  at  the  Pines  course  indicated 
no  significant  departure  from  expected  (Table  10). 

The  mixture  of  golf  course  property  with  private  and  condominium  property  at 
Site  2  created  a  more  complex  landscape  than  seen  at  Site  1 .  Analysis  of  the  147  tracking 
locations  within  the  26.0  hectares  of  tree  stands  on  the  Royal  Palm  property  showed  that 
squirrels  used  the  vegetation  classes  in  proportion  to  their  abundance  on  the  landscape 
(X2=12.22,  df=6,  p=0.058).  Pine  plots  account  for  68%  of  the  forest  stands  and  contained 
65%  of  the  analyzed  tracking  points.  Class  9,  mixed  natives  with  exotics,  and  class  3, 
cabbage  palm  dominated  stands,  had  slightly  higher  than  expected  use.  The  34.9  ha  of 
condominium  property  and  the  private  pine  forest  inside  the  back  9  of  the  course  had  only 
34  tracking  points.  Nineteen  of  these  were  in  the  1 .4  ha  private  pine  forest  that  contained 
at  least  3,  well-stocked  feeders.  The  40. 1  ha  of  residential  property  accounted  for  only  17 
tracking  location,  10  at  feeders. 
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<Least  Preferred  Most  Preferred> 

60%  T 


Figure  32.  Habitat  preferences  for  all  fox  squirrels  at  the  Pines  course,  Royal 
Poinciana.  All  tracking  points  within  the  mapped  vegetation  plots  on  the  Pines 
course  are  included,  n=164. 
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Feeding  Patterns 

Feeding  data  from  Site  1  show  seasonal  shifts  between  native  and  non-native  food  sources 
(Table  1 1).  Native  foods,  pine,  cypress,  and  oaks,  made  up  over  70%  of  the  diet  from 
August  1996  through  January  1997.  In  March  through  July  of  1996  and  1997,  non-natives 
were  the  primary  food  source.  February,  June,  and  July  of  the  2  years  showed  a  changing 
mixture  of  native  and  non-native  sources. 

In  1996  squirrels  began  to  feed  on  new,  green  pine  cones  in  late  June  and  early 
July.  By  August  cones  were  mature  and  pine  became  the  dominant  food,  with  squirrels 
feeding  alone  or  in  small  groups  in  or  around  select  trees  for  several  hours  at  a  time.  This 
also  began  the  season  of  burying  cones,  in  grass,  litter  and  sand  traps.  Squirrels  were 
observed  burying  in  their  core  areas  and  at  the  edges  of  their  home  ranges.  In  December 
and  January,  cypress  cones  increased  in  importance,  as  pines  decreased.  Cypress 
constituted  20%  or  more  of  the  diet  for  7  months,  July  1996  through  January  1997. 
Despite  the  tent  caterpillar  infestation  of  1997,  cypress  were  again  accounting  for  29%  of 
the  diet  in  June  and  July  of  that  year.  Feeding  on  early  pine  cones  began  in  June  and  July 
1997. 

Oaks  were  not  a  regular  food  source  in  1996  until  September,  when  oak  feeding, 
primarily  live  oak,  accounted  for  30%  of  the  diet.  Fox  squirrels  continued  to  feed  lightly 
on  oaks  through  April  1997. 

In  both  1996  and  1997  fox  squirrels  took  advantage  of  the  bright  red  samara  of  the 
red  maples  for  concentrated  feeding  in  January  and  February.  Late  winter  and  spring 
feeding  on  natives  was  scattered.  In  April  and  May  of  both  years  squirrels  fed  on  old  pine 
cones,  most  often  digging  them  up,  but  occasionally  removing  them  from  the  tree.  Cypress 
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remained  a  minor  element  in  the  diet  in  all  winter  and  spring  months  of  1996  and  1997, 
except  February  1996. 

Fox  squirrels  fed  on  large  hypogeous  fungi  from  February  through  October.  While 
they  fed  on  both  the  mycelia  and  the  fruiting  bodies,  the  most  readily  observed  behavior 
was  the  feeding  on  the  large  fruiting  bodies.  The  peak  season  for  observation  of  fungi 
feeding  varied  slightly,  June  and  July  in  1996  and  May  and  June  1997.  Fungi  feeding  was 
concentrated  in  patches  that  had  deep  litter  layers,  generally  beneath  pine  and  cabbage 
palm,  but  also  in  stands  of  cypress  and  pine.  Of  the  1 1 1  fungi  feeding  observations  at  53 
tracking  points,  86%  were  in  litter,  9%  in  grass,  and  5%  in  trees.  A  squirrel  might  carry  a 
fruiting  body  up  a  tree,  where  he  would  hang  upside  down  and  eat.  In  peak  season,  I 
recorded  periods  of  concentrated  feeding  when  a  squirrel  would  eat  the  large  caps  (5-8 
cm)  of  4-5  fruiting  bodies  within  10  minutes. 

In  May  and  June  1997  squirrels  fed  on  concentrated  patches  of  Mahogany 
webworm  larva,  Macalla  thyrsialis  (John  Heppner,  personal  communication),  buried  in 
soil,  grass  or  litter.  They  bit  the  tip  from  the  cases  and  pulled  the  small  caterpillars  out 
with  their  teeth.  During  the  same  period  they  showed  no  interest  in  the  tent  caterpillars 
that  rained  to  the  ground  from  the  infested  cypress  trees. 

In  both  1996  and  1997,  March  through  May  were  periods  of  concentrated  feeding 
on  non-natives.  In  March  1996  to  June  of  that  year,  over  40%  of  recorded  feeding  was  on 
bischofia  {Bischofia  javanica),  an  Asian  species  that  forms  clusters  of  small,  dark  berries. 
Squirrels  initially  fed  in  trees  and  then  moved  to  ground  feeding,  where  they  gathered  in 
groups  of  2-8  to  feed  on  the  fallen  fruit.  Four  large  bischofia  trees  on  the  Cypress  course 
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drew  squirrels  in  mid  morning  and  late  afternoon  feeding  groups.  In  1997,  levels  of 
bischofia  feeding  were  lower,  with  peaks  in  February  through  April  in  the  20-30%  range. 

Bottlebrush  trees,  native  to  Australia,  drew  squirrels  to  feed  on  their  spikes  of 
scarlet  flowers  in  March  and  April  of  both  years.  Silk  oaks  (Grevillea  robusta),  another 
Australian  native,  with  their  orange-fringed  flowers,  also  attracted  fox  squirrels  for  flower 
feeding.  In  1996  the  peak  feeding  was  late  April  and  May,  in  1997,  late  March  and  April. 

Queen  palms,  common  throughout  Royal  Poinciana,  produce  a  bright  orange, 
aromatic,  2  cm  oval  fruit.  A  squirrel  feeding  on  the  fruit  makes  a  distinctive,  loud  grating 
sound,  whether  hanging  from  clusters  of  new  fruits  or  digging  up  a  previously  buried 
specimen,  and  so  identification  is  easy.  Queen  palm  feeding  was  high  in  February  of  both 
years  and  moderate  in  April  and  July  of  1996  and  May  of  1997.  Squirrels  regularly  buried 
queen  palm  fruits  and  most  of  the  spring  1997  records  are  squirrels  feeding  on  fruit  they 
dug  up.  Heavy  trimming  of  palms  in  the  fall  and  winter  of  1996-97,  removed  most  of  the 
available  fresh  crop.  Regrowth  and  new  fruits  did  not  appear  until  summer  of  1997. 

Ten  large  ficus  trees  (Ficus  spp.)  dotted  the  Cypress  course  and  stands  of  large 
ficus  were  common  at  Hole  in  the  Wall.  These  drew  squirrels  for  feeding  from  January 
through  August.  A  variety  of  species  with  staggered  fruiting  times  produced  the  most 
concentrated  feeding  in  May  through  July. 

Fruit  of  the  tallow  tree  {Sapium  sebiferum)  and  Java  plum  (Syzigium  cumini)  trees 
were  feeding  sites  for  short  seasons.  Tallow  trees  provided  feeding  in  January  and 
February  and  Java  plum  in  June  and  July.  Feeding  on  Java  plum  was  high  in  July  1997  as 
the  study  ended,  when  squirrels  gathered  in  4  stands  that  produced  aromatic  crops  of  fruit 
on  the  Cypress  course. 
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The  1996  fall  feeding  on  native  species  was  the  period  with  the  lowest  food 
diversity.  In  both  years,  diversity  was  higher  in  February  through  July.  Diversity  was 
noticeably  higher  in  1997,  February  to  April  and  June,  when  a  broader  range  of  non-native 
species  and  a  greater  use  of  native  species  were  seen  in  the  feeding  records.  This 
difference  was  not  only  a  result  of  changes  in  who  was  collared,  but  was  reflected  in  the 
expanded  diets  of  individuals  collared  both  seasons.  While  4  squirrels  showed 
concentrated  bischofia  feeding  in  spring  1996  (8-23  observations),  none  of  these  repeated 
the  pattern  in  1997.  All  increased  the  number  of  species  they  used.  Only  1  individual, 
subadult  ROPO  27,  showed  concentrated  bischofia  feeding  in  spring  1997  and  she 
regularly  fed  on  the  2  large  bischofia  trees  near  her  birth  tree.  Her  mother,  ROPO  2,  fed 
on  at  least  10  species  each  spring. 

The  feeding  data  at  Site  2,  covering  January  to  July  1997,  were  aggregated  due  to 
low  numbers  (Table  12).  Feeding  on  non-natives  was  dominant,  as  it  was  in  the  late  winter 
and  spring  at  Site  1 .  Native  foods  included  pines,  larvae  and  mushrooms.  Pine  feeding, 
16%  of  total,  was  primarily  cones  from  previous  seasons.  Larvae  of  the  same  species  as 
Site  1  and  mushrooms  accounted  for  an  additional  16%  of  feeding  records.  Cypress  were 
a  minor  element  of  the  diet  and  not  common  at  Site  2  or  neighboring  courses.  Sixty-seven 
percent  of  the  recorded  feeding  was  on  non-native  sources,  while  33%  of  the  sightings 
were  squirrels  feeding  at  feeders.  Ten  feeders  were  available  to  fox  squirrels,  whether 
placed  there  for  their  use  or  for  birds.  Eight  of  the  feeders  were  on  Royal  Palm  property  or 
adjoining  residential  property,  2  were  on  the  west  side  of  the  neighboring  Hibiscus  course 
(Figure  25).  Bottlebrush  trees  and  queen  palms  provided  feeding  opportunities  at  Royal 
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Palm,  while  Java  plums  and  ficus  were  grouped  in  a  small  area  of  the  Hibiscus  course. 
Only  ROPA  8  was  seen  begging,  and  that,  successfully,  at  the  public  Hibiscus  course. 
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Table  12.  Feeding  patterns  of  fox  squirrels  at  Site  2.  Data  include  all  feeding  records  at 
all  locations  used  by  the  Site  2  collared  squirrels  from  January  1997  through  July  1997. 
All  food  items  are  listed. 


Non-natives 

Feeders 

Bottlebrush 

Java  plum 

Ficus 

Silk  oak 

Queen  palm  Begging 

67% 

33% 

13% 

9% 

4% 

2% 

2%  2% 

Natives 

Pine,  new  & 

Larva 

Mushrooms 

Cypress 

old  cones 

33% 

16% 

9% 

7% 

2% 

DISCUSSION 

The  goal  of  this  study  was  to  gain  an  understanding  of  golf  courses  as  suitable 
habitat  for  Big  Cypress  fox  squirrels.  In  the  following  discussion  I  will  address  this  goal  by 
integrating  the  data  on  fox  squirrel  ecology  with  that  on  course  landscapes.  I  will  first 
look  at  the  characteristics  of  the  2  radio-collared  populations  in  the  high  and  low  quality 
golf  course  landscapes.  Then  I  will  interpret  the  findings  of  the  Landscape  Evaluation 
Index.  The  two  courses  with  collared  populations  will  serve  as  reference  points  for  the 
further  interpretation  of  the  broad  range  of  golf  course  landscapes  identified  and  ranked 
through  the  use  of  this  index.  Recommendations  for  design  and  management  of  course 
landscapes  will  be  presented  in  the  final  chapter. 

Higher  Quality  Golf  Course  Landscape 

Site  1,  Royal  Poinciana  Cypress  Course,  provided  high  quality  fox  squirrel  habitat 
with  few  intrusions  by  traffic.  The  course  rated  0.956  on  the  Landscape  Evaluation  Index, 
with  large,  moderately  dense  to  dense  tree  stands  of  mixed  natives  dominated  by  pine, 
cypress  and  cabbage  palms.  Scattered  exotics  provided  a  majority  of  late  winter  and  spring 
feeding  sites.  Numerous  non-irrigated  areas  with  pine  litter  ground  cover  provided  centers 
for  concentrated  feeding  on  fungi.  Mixed  tree  stands  with  large  trees,  bromeliads,  and 
moderately  trimmed  palms  provided  a  variety  of  protected  nesting  sites. 
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As  would  be  expected,  adult  females  had  smaller  home  ranges  than  males  (Kantola  and 
Humphrey  1990,  Weigl  et  al.  1989).  Mean  home  range  size  for  adult  females  was  10.10  in 
1996  and  16.40  in  1997.  Home  range  means  for  adult  males  were  70.84  in  1996  and  90.91 
in  1997,  larger  than  previously  reported  in  work  on  southeastern  fox  squirrels.  Kantola 
and  Humphrey's  (1990)  work  with  S.  n.  Shermani  in  north  Florida  showed  female  home 
ranges  averaging  16.7  ha  and  male  home  ranges  averaging  42.8  ha  (harmonic  mean).  In 
North  Carolina,  Weigl  et  al.  (1989)  found  an  average  female  home  range  size  for  S.  n. 
niger  of  17.2  ha  and  an  average  male  home  range  size  of  26.6  ha  (MCP). 

Site  1  adult  male  home  ranges  were  7  times  larger  than  adult  female  home  ranges 
in  year  1  and  5.5  times  larger  in  year  2,  showing  a  much  greater  difference  between  the 
sexes  than  reported  by  previous  workers  in  the  southeast  (Kantola  and  Humphrey  1990, 
Weigl  et  al.  1989).  Males  with  a  substantial  portion  of  their  home  ranges  in  neighboring 
courses  of  generally  lower  quality  had  larger  home  ranges.  The  strong  overlap  seen  in 
home  ranges  of  both  males  and  females  at  Site  1  appears  to  be  unusual  for  southeastern 
fox  squirrels  (Kantola  and  Humphrey  1990,  and  Weigl  et  al  1989).  Kantola  and  Humphrey 
found  little  overlap  in  female  home  ranges,  while  Weigl  et  al.  (1989)  note  seasonal 
variation  with  no  overlap  of  male  home  ranges  in  times  of  winter  scarcity. 

Subadult  home  ranges  for  both  years  of  the  study  averaged  18  .3  ha,  not 
significantly  different  from  adult  females.  Male  13  increased  the  mean  size  by  2.6  ha  with 
at  least  3  long  day  trips  into  the  Pines  course  the  month  before  he  dispersed  out  of  the 
club  to  the  south. 

Though  home  range  size  for  subadults  remained  consistent  throughout  the  study, 
dispersal  of  subadults  differed  greatly  between  1996  and  1997.  Four  of  the  10  individuals, 
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3  females  and  1  male,  collared  as  subadults  in  1995-96  dispersed  from  the  course  in  the 
spring  and  summer  of  1996.  Three  of  the  4  were  frequently  observed  being  chased  by 
adults  before  they  left  the  course.  In  1997,  none  of  the  7  squirrels  collared  as  subadults 
dispersed  before  the  end  of  July  when  collars  were  removed.  None  of  the  subadults  was 
observed  being  chased  by  adults  in  the  1997  season.  All  continued  to  have  a  majority  of 
their  home  range  within  that  of  their  mothers  and  all  were  known  to  be  1 1-13  months  of 
age  when  the  study  ended.  The  sample  of  dispersers  was  too  small  to  allow  for  detection 
of  a  sex  bias.  Unbiased  dispersal  would  be  expected  if  dispersal  is  resource  driven,  as  it 
appears  to  be  in  solitary,  promiscuous  squirrels  such  as  red  squirrels  (Anderson  1989, 
Larsen  and  Boutin  1998)  and  gray  squirrels  (Thompson  1978). 

Interpretation  of  the  differences  between  the  2  years  is  difficult.  As  Tappe  and 
Guynn  (1998)  pointed  out,  little  work  pertaining  to  dispersal  in  fox  squirrels  has  been 
reported.  Much  that  is  available  is  speculation.  While  some  researchers  have  asserted  that 
all  fox  squirrel  juveniles  disperse  (Hansen  et  al.  1986,  Koprowski  1991),  that  was  not 
evident  here.  The  relatively  small  samples  of  1996  and  1997  did  show  that  some  fox 
squirrels  do  not  disperse  and  that  both  males  and  females  disperse. 

One  explanation  for  the  differences  in  dispersal  is  that  Big  Cypress  fox  squirrels 
may  not  disperse  before  one  year  of  age,  though  previous  research  indicates  that  dispersal 
of  fox  squirrels  would  be  expected  before  that  age.  In  more  northern  fox  squirrels 
dispersal  of  spring  born  individuals  peaks  in  the  fall  before  they  are  a  year  old  (Allen  1943, 
Baumgartner  1943).  Size  and  sexual  condition  at  the  time  of  capture  indicated  dispersing 
individuals  in  the  current  study  were  born  in  summer  1995  and  so  dispersed  just  before 
they  were  one  year  of  age.  So  why  did  their  counterparts  in  1996  stay  at  home?  Perhaps  in 
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years  of  lower  resources  more  tropical  subspecies  such  as  Big  Cypress  fox  squirrels  can 
delay  dispersal  and  reproduction  until  later  in  the  season. 

Perhaps  dispersal  was  driven  by  changes  in  resources  or  related  changes  in  female 
reproductive  cycles.  Data  indicate  that  resources  were  less  favorable  in  1997  than  1996, 
and  there  were  differences  in  reproduction.  In  1996,  4  of  the  6  adult  females  had  brood 
nests  by  the  end  of  July.  In  summer  1997,  only  1  of  the  5  collared  adult  females  was 
known  to  be  attending  a  summer  brood  nest  by  the  end  of  July.  Interestingly,  in  spring  and 
summer  1997,  adult  female  ROPO  02  had  a  collared  subadult  from  summer  1996  and 
offspring  from  early  1997  all  using  her  core  area,  3  generations,  though  none  of  the  female 
offspring  were  reproductively  active. 

If  we  consider  that  dispersal  is  resource  related  (Anderson  1989,  Larsen  and 
Boutin  1998),  that  agonistic  behavior  is  the  highest  during  periods  of  reproductive  activity 
(Benson  1980),  and  that  adult  females  are  the  most  aggressive  in  motivating  offspring  to 
disperse  (Adams  1984,  Larsen  and  Boutin  1998),  it  would  follow  that  adult  females  would 
motivate  male  and  female  subadults  to  leave  in  equal  numbers  in  years  of  high  resources 
when  they  are  in  a  reproductive  state.  In  years  of  lower  resources  females  may  not  enter  a 
reproductive  state  and  may  not  encourage  their  offspring  to  leave,  especially  if  resources 
are  not  critically  low  enough  to  threaten  their  own  survival.  Spring/summer  1996  was  a 
time  of  high  enough  food  to  allow  widespread  reproduction  and  thus  instigated  aggressive 
behavior  on  the  part  of  adult  females  toward  subadults.  Spring/summer  1997  was  a  year  of 
lower  food  supply,  maybe  of  an  intermediate  level,  low  enough  to  prevent  reproduction, 
but  not  low  enough  to  create  chronic  food  stress  in  adults,  thereby  causing  them  to  drive 
away  subadults.  This  explanation  is  certainly  tentative.  The  questions  raised  here  do 


98 

illustrate  the  need  for  research  on  dispersal  and  the  driving  mechanisms  in  a  variety  of 
environments. 

The  dispersing  subadults  of  1996  did  not  fare  well  after  they  left  Site  1 .  Two  of  the 
3  dispersing  females  were  known  dead  on  neighboring  courses  within  the  time  of  the 
study,  1  was  hit  by  a  vehicle,  the  other  died  after  an  injury  of  an  unknown  origin.  Neither 
had  successfully  reproduced.  The  remaining  2  dispersers  disappeared  from  neighboring 
courses  within  2  months  and  were  not  sighted  during  12  months  of  frequent  searches. 
Courses  to  the  west  and  north  of  Site  1  had  LEI  ratings  of  0.44-0.30,  while  the  course  to 
the  south,  at  which  ROPO  14  died,  had  an  LEI  of  0.59.  All  these  ratings  were  much  lower 
than  Site  1 .  The  area  surrounding  the  cluster  of  7  courses  was  dense  development 
bordered  by  2  of  the  busiest  roadways  in  Collier  County.  Squirrels  were  not  known 
outside  of  golf  courses  in  the  developed  parts  of  the  county.  Successful  dispersal  away 
from  the  course  cluster  was  highly  unlikely. 

Non-dispersing  individuals  captured  as  subadults  at  Site  1  fared  better  than 
dispersers.  In  the  1995-1996  cohort  of  collared  subadults,  50%  of  non-dispersers,  1 
female  and  2  males,  remained  at  Site  1  throughout  the  study.  Eighty-three  percent  of  non- 
dispersers  remained  on  the  course  through  December  1996.  Two  of  the  females 
successfully  reproduced  in  summer  1996  and  by  the  end  of  the  study  the  2  produced  7 
young  from  the  nest.  One  male  of  the  1996-96  subadult  cohort  was  generally  the  lead 
male  in  mating  chases  by  the  end  of  the  study.  In  1997,  6  of  the  7  collared  subadults 
survived  and  remained  on  the  course  until  collars  were  removed  at  the  end  of  July.  The  1 
mortality  was  a  subadult  suffering  from  skin  fungus.  Two  other  subadults  with  the  disease, 
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1  a  sibling  of  the  dead  squirrel,  recovered  with  the  spring/summer  molt.  Though  none  of 
the  individuals  reproduced,  1  female  was  the  focus  of  a  mating  chase  in  July. 

The  persistence  and  success  of  subadults  that  remained  at  Site  1  indicates  it  was 
providing  a  rich  habitat.  Dispersing  subadults  moved  into  less  favorable  environments. 
Site  1  appeared  to  be  a  source  of  fox  squirrels  for  surrounding  courses,  which  the  1996 
data  and  the  LEI  ratings  would  indicate  were  acting  as  sinks  (Pulliam  1988). 

Site  1  squirrel  densities  of  42.4  squirrels/km2  (from  high  MNA  of  26)  to  49.8 
squirrels/km2  (from  high  Bailey  estimate  of  30.5)  were  higher  than  previous  reports  of  fox 
squirrels  in  Florida.  Estimates  of  8.4  squirrels/km2  and  38  squirrels/km2  were  reported  by 
Humphrey  et  al.  (1985)  in  south  Florida  and  Moore  (1957)  in  central  Florida.  In  Georgia, 
at  the  Piedmont  National  Wildlife  Refuge,  Tappe  et  al.  (1993)  found  fox  squirrel  densities 
of  15.3-17.7  squirrels/km2  in  mark  and  recapture  studies. 

Fox  squirrels  at  Site  1  had  2  breeding  seasons,  as  reported  in  other  southeastern 
fox  squirrel  populations  (Moore  1957,  Weigl  et  al.  1989).  Contrary  to  previous  work  at 
more  northern  locations  (Larson  1990,  Weigl  et  al.  1989),  reproduction  was  higher  in  the 
summer  season  than  the  2  winter  seasons.  Litter  size,  as  young  from  the  nest,  ranged  from 
1  to  4  with  a  mean  of  2.4,  within  the  reported  range  of  1 .6  to  3.0  (Larson  1990,  Moore 
1957,  Weigl  et  al.  1989).  While  4  of  the  7  Site  1  adult  females  in  the  study  produced  2 
litters  in  the  3  breeding  seasons  studied,  none  produced  3  litters.  Weigl  et  al.  (1989) 
showed  a  strong  correlation  between  food  availability  and  female  reproductive  capacity.  In 
the  summer  of  1996,  5  of  6  females  produced  young  from  the  nest  and  raised  them  into 
the  fall.  The  smaller  home  ranges  in  that  year  and  the  concentrated  feeding  patterns  of 
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spring  through  fall  of  1996  indicate  a  rich  food  supply,  probably  resulting  from  the  high 
rains  of  fall  1995. 

Frequent  squirrel  feeding  on  fungi  was  also  reported  by  Weigl  et  al.  (1989)  in 
North  Carolina.  Presence  of  mycorrhizal  hypogeous  fungi  and  associated  bacteria  form 
mutualistic  relationships  with  a  variety  of  tree  species,  including  pines  (Li  et  al.  1986, 
Slankis  1973).The  fungi  are  nutritionally  beneficial  to  fox  squirrels  who  then  disperse 
fungal  spores  as  they  defecate  in  their  wide  travels  (Maser  et  al.  1978,  Trappe  and  Maser 
1977).  Maintenance  of  the  fungi-rich  litter  areas  within  Site  1  preserved  a  food  source  for 
fox  squirrels  and  probably  provided  benefit  to  a  tree  species  also  of  primary  importance  to 
the  squirrels.  Weigl  et  al.  (1989)  believed  the  fitness  of  squirrels,  trees  and  fungi  benefited 
from  this  relationship  and  that  it  may  be  coevolutionary  in  nature. 

High  densities,  high  reproduction,  and  high  overlap  of  home  ranges  suggested  a 
food  supply  that  was  strong  though  obviously  variable.  Occupancy  of  Site  1  by  5  or  6 
adult  females  maintaining  fairly  constant  home  ranges  throughout  the  20-month  study 
indicated  the  adult  female  density  was  at  a  maximum.  The  course  was  able  to  retain 
subadults  in  both  years.  In  1996,  60%  of  the  collared  subadults  remained  on  the  course, 
with  50%  of  the  non-dispersers  surviving  through  the  end  of  the  study.  In  1997,  6  of  the  7 
collared  subadults  remained  alive  on  the  course  until  the  end  of  the  study.  Site  1  and  its 
companion  course,  Pines,  together  had  40-50  squirrels  in  residence,  though  it  must  be 
noted  that  at  least  half  of  the  adult  males  used  neighboring  clubs.  The  Site  1  population 
appeared  stable.  Surplus  subadults  dispersed  to  neighboring  courses  where  mortality 
undoubtedly  was  higher. 
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Royal  Poinciana  and  its  buffer  courses  to  the  west  provided  the  most  productive 
and  stable  golf  course  site  for  fox  squirrels  within  the  currently  developed  landscape  in 
western  Collier  county  and  the  most  stable  in  this  study.  Drastic  changes  in  the  landscapes 
of  Poinciana  or  the  2  neighboring  courses  most  frequently  used  by  males  are  not 
anticipated  in  the  next  5-10  years.  On  the  other  hand,  these  landscapes  are  managed.  The 
composition  and  maintenance  of  trees,  tree  stands  and  ground  cover  are  subject  to  change 
at  the  will  of  the  managers.  East  and  south  of  Site  1,  the  condition  of  neighboring 
properties  will  change  in  the  coming  decade,  with  anticipated  development  of  the  large 
pine  forest  south  of  Poinciana  and  current  development  of  the  lots  east  of  the  club.  Such 
conversion  will  affect  sources  and  movement  of  squirrels  in  and  out  of  Poinciana  and 
could  bring  more  domestic  predators,  especially  cats,  to  the  borders  of  the  courses. 

Lower  Quality  Golf  Course  Landscape 

Site  2,  Royal  Palm  Country  Club,  just  one  year  older  than  Site  1,  contained  lower 
quality  fox  squirrel  habitat  surrounded  by  a  developed  landscape  and  a  seasonally  heavy 
flow  of  vehicle  traffic.  The  club  rated  0.719  on  the  Landscape  Evaluation  Index  with 
moderately  dense  to  open  pine-dominated  tree  stands  on  club  property  and  neighboring 
condominium  land.  There  was  a  lower  diversity  of  tree  species,  both  native  and  non- 
native,  and  fewer  and  more  widely  scattered  pine  litter  areas  than  at  Site  1 .  In  the  absence 
of  oaks  and  maples,  and  with  lower  numbers  of  large  fungi  feeding  areas  or  fruiting 
exotics,  squirrels  fed  heavily  at  feeders  in  the  spring  and  summer. 

The  2  adult  females  at  Site  2  had  home  ranges  of  13  .06  ha  and  30.57  ha.  The 
difference  probably  resulted  from  the  former  having  a  regularly  supplied  feeder  in  the 
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center  of  her  home  range  and  the  latter  having  only  an  occasionally  stocked  one  at  the 
edge  of  her  home  range.  The  home  range  of  the  first  female  was  similar  to  those  at  Site  1 
and  to  previous  studies,  while  the  home  range  of  the  second  female  was  larger  than  any 
other  female  in  this  study  and  the  averages  reported  in  other  studies  (Kantola  and 
Humphrey  1990,  Weigl  et  al.  1989).  Male  home  ranges  of  136.1  ha  and  303.80  ha  were 
larger  than  others  in  the  study  and  larger  than  means  reported  by  Kantola  and  Humphrey 
(1990)  or  Weigl  et  al.  (1989).  All  adult  and  subadult  home  ranges  at  Site  2,  except  the  1 
adult  female  with  a  well-stocked  feeder,  were  larger  than  comparable  individuals  at  Site  1 
and  larger  than  reported  means  in  previous  studies.  Adult  female  home  ranges  did  not 
overlap  or  touch  as  they  did  at  Site  1 . 

While  the  4  collared  adults  lived  and  persisted  on  the  course  through  the  7  months 
of  tracking,  none  of  the  collared  subadults  remained.  Two  of  the  4  subadults  were  known 
dead  by  June  1997,  the  third  had  a  habit  of  feeding  in  roadways  and  disappeared  early,  and 
the  forth  dispersed  to  a  very  low  quality  habitat  in  an  adjoining  course  and  was  using  a 
feeder  near  a  major  highway.  One  of  the  subadults  died  from  extreme  emaciation  while 
suffering  a  severe  skin  fungus,  the  other  was  killed  by  a  car  on  Augusta  Boulevard. 
Vehicle  accidents  at  the  study  sites  involving  automobiles,  course  equipment  and  carts, 
were  a  known  source  of  mortality  for  6  collared  and  uncollared  squirrels  .  Weigl  et  al. 
(1989)  found  that  automobile  traffic  was  a  major  cause  of  fox  squirrel  mortality  in  their  8- 
year  study  in  rural  areas  of  the  North  Carolina  coastal  plain. 

Neither  adult  female  reproduced  during  the  study,  though  1  appeared  to  be 
tending  a  brood  nest  as  the  study  ended.  Both  males  were  observed  with  females  at  Site  2 
and  the  2  neighboring  courses. 
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Fox  squirrel  densities  at  Site  2  were  extremely  low,  6.3/km2  (MNA  of  9)  and 
8.2/km2  (high  Bailey  estimate  of  11.7).  These  were  similar  to  the  estimates  of  Humphrey 
et  al.(1985),  though  much  lower  than  reported  by  Moore  (1957)  or  Tappe  et  al.  (1993). 
They  were  84%  lower  than  the  fox  squirrel  densities  at  Site  1 . 

At  Royal  Palm,  low  population  density,  large  home  ranges,  and  poor  subadult 
persistence  indicate  an  unstable  population.  A  small  number  of  adults  maintained 
themselves  and  reproduced  in  times  of  higher  food  supply,  but  young  had  a  difficult  time 
surviving  to  adulthood.  A  more  open,  less  diverse  food  supply  required  fox  squirrels  to 
make  larger  movements  to  feed  and  mate,  and  so  expose  themselves  to  the  hazards  of 
automobile  traffic  and  the  stresses  of  travel  and  food  search.  Such  large  home  ranges  and 
movement  through  traffic  were  especially  difficult  for  subadults. 

Royal  Palm  was  a  course  with  marginal  fox  squirrel  habitat  and  more  development 
yet  to  come.  Completion  of  housing  along  the  fairways  will  eliminate  the  remaining  tree- 
covered  vacant  lots.  Growth  of  adjacent  developments  to  the  east  and  north  will  increase 
traffic  on  Augusta  Boulevard  and  connecting  roadways.  As  with  Site  1,  the  quality  of 
course  vegetation  is  dependent  on  management.  It  could  be  improved  with  the  addition  of 
a  variety  of  native  trees  such  as  cypress,  oaks,  and  maples,  with  added  pine  litter  areas, 
and  with  non-native  food  sources  such  as  spring-fruiting  trees.  While  feeders  were 
obviously  a  vital  part  of  squirrel  diets  at  Site  2,  reliance  on  feeders  puts  squirrels  at  the 
mercy  of  suppliers  and  perhaps  increases  the  risk  of  exposure  to  contagious  disease.  The 
course  adjoining  Royal  Palm  to  the  west,  used  by  adult  males  and  at  least  2  dispersing 
subadults  in  the  study,  had  very  low  quality  habitat  (LEI  0.28)  and  would  not  support  fox 
squirrels  for  long  without  the  resources  of  Royal  Palm. 
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As  we  shall  see  in  the  next  section  of  the  discussion,  Site  1  was  an  unusual  golf 
course  in  southwest  Florida,  both  in  its  rich  landscape  without  residential  development  and 
in  its  high  numbers  of  fox  squirrels.  Site  2,  on  the  other  hand,  was  more  common.  It  was  a 
mix  of  the  favorable  and  unfavorable  landscape  features.  It  had  the  levels  of  development 
and  traffic  seen  in  many  courses  of  level  3  and  4,  and  though  it  was  not  isolated,  the  2 
neighboring  courses  furnished  very  low  quality  fox  squirrel  habitat.  It  was  superior  to 
most  courses  in  the  presence  of  relatively  high  quality  pine  stands,  the  open  understory  of 
all  tree  stands,  and  the  occurrence  of  scattered  pine  litter  areas. 

Landscape  Evaluation 

The  study  revealed  a  wide  variety  of  golf  course  habitat  types  and  course 
configurations  in  Lee  and  Collier  counties.  Landscapes  surrounding  these  courses,  which 
are  critical  to  fox  squirrel  movements,  ranged  from  highly  developed  with  heavy  vehicle 
traffic  to  more  rural  sites  surrounded  by  mixed  agricultural  and  forest  stands. 

The  ability  of  golf  courses  to  support  fox  squirrels  differed  greatly.  Six  of  the 
courses  with  an  LEI  of  0.90  or  above  had  high  levels  of  fox  squirrels  and  make  up  3  clubs, 
each  of  36  holes  (Fig.  33,  Appendix  B).  These  3  clubs  had  the  highest  potential  for 
supporting  fox  squirrels  in  a  developed  landscape. 

The  6  courses  with  an  LEI  of  0.90  and  above  and  with  high  levels  of  fox  squirrels, 
including  Site  1,  were  characterized  by  . 

•  large  contiguous  areas,  over  120  hectares,  with  no  housing  or  automobile  traffic 

•  residential  development  absent  or  only  on  the  perimeter  of  each  course  or  the  entire 
club 

•  adjoining  golf  courses  on  at  least  2  sides  of  the  club 

•  undeveloped  forest  on  at  least  1  side 

•  lack  of  busy  roadways  around  the  course 
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•  easy  movement  of  fox  squirrels  from  1  course  to  another,  often  aided  by  large  trees 
across  canals  or  smaller  streets 

•  large,  open,  pine-rich  tree  stands,  with  cypress,  palms  and  a  variety  of  native  tree 
species 

•  few  or  no  areas  of  forest  with  heavy  understory  growth 

•  high-quality  nesting  sites  in  minimally  trimmed  cabbage  palms,  bromeliads,  or  large 
trees,  often  pine  and  cypress 

•  spring  and  early  summer  food  supplies  available  from  diverse  native  species,  fungi  rich 
Utter  areas,  non-native  tree  species,  or  artificial  food  sources. 

Four  of  these  6  high  level  courses  will  have  further  housing  development  along  the 
fairways  and  all  will  have  increased  development  around  their  boundaries  within  the  next 
10  years.  Except  for  Site  1  and  its  companion  Pines  course,  squirrels  fed  from  feeders  or 
begged  from  golfers. 

The  future  of  fox  squirrels  at  even  these  6  high  level  courses  will  depend  on  the 
maintenance  of  high  quality  tree  stands  through  understory  clearing,  and  planting  and 
replacement  of  native  trees,  especially  pines  and  cypress.  Changes  in  surrounding 
landscapes  and  food  supplies  offered  at  feeders  will  also  affect  squirrel  survival.  Given  the 
lack  of  development  at  Site  1  and  the  relative  protection  of  the  surrounding  buffering 
courses  it  appeared  to  offer  a  relatively  stable,  high  quality  environment  for  fox  squirrels, 
though  it  is  certainly  suburban  and  will  eventually  become  more  isolated.  The  other  high 
level  courses  will  undergo  much  more  change  with  stronger  potential  for  declining  habitat. 

The  1  course  with  an  LEI  of  0.90  and  moderate  levels  of  fox  squirrels  was  also 
part  of  a  36  hole  course,  but  its  companion  course  had  an  LEI  of  0.71,  with  high  traffic 
and  more  intense  development  in  the  future.  This  0.90  LEI  course  does  not  have  a  strong 
potential  for  continued  support  of  fox  squirrel  populations. 
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The  7  courses  with  an  LEI  over  0.90  obviously  provided  habitat  superior  to  any 
other  courses  in  the  study  and  each  had  a  strong  combination  of  favorable  landscape 
attributes.  The  remaining  53  courses  had  LEI  ratings  of  0.76  or  lower  (Fig.  33,  Appendix 
B).  Each  of  these  courses  had  one  or  more  strong  negative  elements  in  their  landscapes. 
Features  of  isolation,  course  configuration,  low  quality  vegetation,  and  heavy  understory, 
combined  to  decrease  the  ability  of  these  courses  to  foster  fox  squirrel  populations. 

Course  isolation  within  a  heavily  developed  landscape  cannot  be  mitigated  in  most 
cases.  This  is  especially  true  if  the  course  is  small  and  contains  few  or  scattered  tree 
stands.  A  group  of  9  older  courses  with  low  LEI  ratings  is  circled  in  the  lower  portion  of 
Figure  33.  Each  of  these  courses  was  the  only  course  in  an  18  hole  club.  The  courses  may 
have  experienced  loss  of  trees  with  long-term  development.  They  frequently  had  few 
remaining  tree  stands  and  low  levels  of  native  tree  species,  especially  pines.  They  were 
surrounded  by  residential  and  commercial  development,  though  some  were  adjacent  to 
similar  courses.  At  first  glance  they  appeared  to  offer  fox  squirrel  habitat,  but  in  fact,  they 
provided  insufficient  food  and  nesting  resources  for  this  relatively  large  squirrel  species. 

Complex  course  configuration,  as  presented  previously  in  Figure  8,  levels  B  and  C, 
were  a  common  landscape  element  that  created  precarious  habitat  for  fox  squirrels.  Unlike 
the  higher  LEI  courses  that  had  no  development  or  only  perimeter  development,  39  of  the 
53  courses  (74%)  with  LEI  below  0.75  had  intensified  or  connected  perimeter  patterns,  or 
radiating  interior  development.  Such  development  configurations  divided  the  course  and 
the  bordering  rough  areas  into  small  patches.  These  patches  may  or  may  not  have 
contained  high  quality  tree  stands,  but  these  divided  landscapes  required  squirrels  to  move 
though  a  maze  of  housing  and  streets  in  search  of  food,  mates,  and  nesting  sites.  For 
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animals  with  home  ranges  of  10  to  100  hectares  and  more,  the  increased  and  complicated 
fragmentation  of  an  already  fragmented  landscape  becomes  even  more  precarious  and 
stressful,  as  resources  become  more  widely  spread  (Collinge  1998). 

Development  of  courses  with  complex  configurations  creates  a  landscape  that  is 
ultimately  highly  unfavorable  to  fox  squirrels.  Deceptively,  initial  and  temporary  stages  of 
development  may  actually  improve  habitat  for  fox  squirrels.  The  early  development  may 
increase  edges  and  open  the  forests  understory,  thus  creating  the  habitat  fox  squirrels 
prefer.  Eighteen  of  the  level  3  courses  (72%)  are  at  this  stage.  Unfortunately,  as  courses 
age  and  development  continues,  construction  removes  tree  stands  and  corridors  required 
by  fox  squirrels.  Vehicle  traffic  within  and  around  a  course  increases  and  the  habitat 
becomes  less  productive  and  more  stressful  for  fox  squirrels.  The  result,  as  seen  at  Site  2, 
is  that  fox  squirrel  home  ranges  must  become  exceptionally  large  to  reach  scattered 
resources.  Constant  travel  in  a  developed  landscape  from  one  feeding  patch  to  another  is 
stressful  and  hazardous.  This  situation  is  especially  difficult  for  younger  squirrels.  As  these 
small  populations  of  widely  scattered  individuals  become  more  isolated,  they  become  more 
susceptible  to  stochastic  events  or  dying  out  in  years  of  low  food  production. 

Low  quality  vegetation  stands  were  common  in  the  golf  course  landscapes.  Few 
courses  had  a  high  diversity  of  native  species  or  large  pine  stands,  few  had  large  areas  of 
pine  litter  to  support  growth  of  fungi,  and  few  had  the  older,  large  trees  that  offer  ideal 
nesting  sites.  The  first  component  of  the  LEI  indicates  the  quality  of  the  vegetation  at  a 
course.  The  6  high  level  courses  each  have  a  rating  of  0.9  and  higher  in  this  component. 
Of  the  remaining  54  courses,  only  4  are  above  0.80  in  this  component,  while  30  of  the 
courses,  50%  of  those  in  the  study,  have  ratings  below  0.6. 
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Heavy  understory,  with  the  dense  growth  of  vines  and  shrubs  in  tree  stands,  is  a 
landscape  element  that  renders  habitat  unsuitable  to  fox  squirrels.  It  was  a  common  and 
difficult  problem  in  unmanaged  set-aside  areas.  Eighteen  courses  in  the  study  (30%)  had 
varying  amounts  of  heavy  understory  in  their  landscapes.  For  16  of  the  18  courses  it  was 
just  one  impediment  to  fox  squirrel  presence.  Four  of  the  16  courses  are  circled  in  Figure 
33.  They  will  continue  to  be  developed  and  have  complex  course  configurations  with 
highly  fragmented  habitat.  Clearing  of  the  understory  in  these  courses  will  not  create 
quality  fox  squirrel  habitat 

The  four  prominent  elements  that  affect  the  quality  of  fox  squirrel  habitat  on  golf 
courses  vary  in  their  ability  to  be  changed  through  good  management.  Two  of  these, 
course  isolation  and  course  configuration  are  critical  elements  affecting  squirrel 
movements  and  the  availability  of  resources.  They  must  be  addressed  prior  to 
development.  The  latter  two,  the  presence  of  heavy  understory,  and  the  composition  and 
density  of  tree  stands,  can  be  mitigated  to  some  degree  on  an  existing  course,  though  they 
will  not  nullify  the  impacts  of  isolation,  heavy  development,  and  poor  course  configuration 
in  the  long  run.  Mitigation  of  heavy  understory  growth  in  set-aside  areas  is  especially 
difficult  and  expensive. 

The  improvement  of  the  tree  stands  and  ground  cover  should  be  encouraged  on 
courses  that  currently  have  fox  squirrels  in  residence  or  in  the  adjacent  lands.  While  all 
level  3  and  4  courses  are  candidates  for  vegetation  improvement,  the  1 1  courses  that  have 
high  quality  courses  for  neighbors  should  be  strongly  encouraged  to  undertake  habitat 
improvement  for  fox  squirrels  (Fig.  33).  Work  to  increase  and  diversify  native  tree  species, 
to  create  clear  understory,  to  increase  the  number  of  moderately  trimmed  palms,  to 
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increase  spring  food  sources,  and  to  increase  areas  of  pine  litter  ground  cover  will  improve 
habitat. 

In  addition  to  this  larger  group  of  level  3  and  4  courses,  two  relatively  new,  non- 
residential courses  east  of  1-75  warrant  special  attention  for  habitat  improvement  efforts. 
The  2  courses,  each  18  holes  at  the  time  of  the  study,  were  part  of  clubs  that  will  become 
36  holes  or  larger.  The  courses  contained  large  stands  of  pines,  cypress,  palms,  and 
associated  native  tree  species.  They  were  surrounded  by  undeveloped  forests,  large-lot 
residential  areas,  and  agriculture.  They  were  less  than  3  km  apart.  At  the  time  of  the  study 
both  courses  had  heavy  understory  growth  and  the  resulting  low  LEI  ratings  along  with 
low  numbers  of  fox  squirrels.  Habitat  improvement  through  understory  clearing  would 
surely  increase  the  potential  for  these  clubs  as  fox  squirrel  habitat.  Their  position  in  a  less 
developed  landscape  and  their  non-residential  status  gives  them  a  unique  opportunity  to 
provide  habitat  for  Big  Cypress  fox  squirrels. 

Summary 

Will  golf  courses  provide  habitat  for  Big  Cypress  fox  squirrels  in  rapidly 
developing  southwest  Florida  where  human  populations  are  expected  to  double  by  2020? 
As  noted  earlier,  even  the  6  courses  with  high  levels  of  squirrels  do  not  all  have  a  strong 
potential  as  future  fox  squirrel  habitat.  Of  these  6,  Site  1  and  its  companion  course  at 
Royal  Poinciana,  offer  the  most  favorable  and  most  secure  habitat  for  fox  squirrels  over 
the  next  2  decades.  The  other  4,  as  residential  courses,  will  continue  to  be  developed  and 
will  have  greater  changes  within  and  around  their  boundaries.  Their  potential  will  decline. 
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The  remaining  54  courses  will  not  provide  good,  long-term  resources  for  fox 
squirrels.  Certainly,  all  of  the  23  courses  in  levels  1  and  2,  have  more  than  one  strongly 
negative  landscape  element  and  most  do  not  have  the  potential  to  support  fox  squirrels 
even  with  mitigation  of  vegetation.  Most  of  the  31  courses  at  level  3  and  4  will  not 
provide  good  quality  habitat  for  the  long-term  due  to  unalterable  planning  and  design 
patterns.  Many  of  these  are  relatively  new  courses  where  time  and  development  will 
continue  to  degrade  the  remaining  tree  stands  and  unmanaged  set-aside  areas. 

This  study  demonstrated  that  even  in  extremely  high  quality  habitat,  Big 
Cypress  fox  squirrels  require  large  tracts  of  land  for  daily  and  seasonal  movements  and 
even  larger  ones  to  allow  for  dispersal  of  subadults.  Few  courses  or  groups  of  courses 
offer  safe  and  stable  habitat  in  large  enough  tracts  to  endure  the  upcoming  intensity  of 
development,  especially  in  the  western  sections  of  Lee  and  Collier  counties.  The  few  that 
do  must  maintain  open,  diverse,  pine-rich  forested  areas,  preferably  with  substantial  areas 
of  pine  litter  ground  cover.  Maintenance  of  such  a  landscape  is  labor-intensive  and 
expensive.  Fewer  than  5  of  the  48  clubs  examined  in  this  study  are  capable  of  providing 
the  habitat  required  to  maintain  golf  course  populations  through  the  intensive  development 
expected  between  now  and  2020. 


MANAGEMENT  RECOMMENDATIONS 

Management  for  quality  Big  Cypress  fox  squirrel  habitat  must  start  at  the 
landscape  level.  Placement  and  configuration  of  courses  and  the  development  that 
accompanies  them  is  critical.  Because  fox  squirrels  use  large  areas,  up  to  150  hectares,  for 
daily  and  seasonal  movements,  they  require  large  contiguous  areas  of  suitable  habitat  free 
from  vehicle  traffic  and  dense  development.  They  must  be  able  to  move  from  one  club  to 
another  as  few  single  courses  will  provide  adequate  habitat.  Developments  should  be 
connected  by  open  forested  corridors.  Movement  across  2  lane  roadways  can  be  facilitated 
by  maintaining  large  over-hanging  trees.  Squirrels  have  adapted  to  using  wooden 
walkways  through  wetlands  at  several  southwest  Florida  courses.  This  indicates  they 
would  be  able  to  do  so  to  cross  other  obstructions,  perhaps  even  busy  roadways 
separating  2  courses  or  clusters  of  courses. 

A  course  or  club  must  be  designed  to  contain  large  contiguous  areas,  120  hectares 
per  club,  of  green  space  with  large,  open  stands  of  native  trees.  This  should  be 
accomplished  by  concentrating  the  development  either  around  the  outside  edges  and 
leaving  the  central  area  of  the  course  as  green  space  or  by  concentrating  development  in 
the  center,  with  only  1  roadway  into  the  developed  center.  This  creates  a  large  circle  of 
green  space  free  of  vehicle  traffic.  Adjoining  courses  with  this  central  development  could 
provide  large  areas  for  wildlife. 
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In  more  recently  developed  courses,  the  design  and  planning  phase  has  included 
much  attention  to  preserving  lands  within  the  developed  areas  that  have  been  designated 
as  critical  wetlands  or  drier  pine  habitat  for  gopher  tortoises.  This  often  appears  to 
preserve  large  areas  of  habitat  suitable  for  fox  squirrels.  In  truth,  the  habitats  do  not 
remain  suitable  for  many  of  the  species  they  are  designed  to  conserve,  and  they  generally 
become  unsuitable  for  fox  squirrels.  Areas  set  aside  as  native  habitat  are  allowed  to 
become  clogged  with  invasive  vines  and  a  heavy  understory  of  native  and  exotic  shrubs 
and  small  trees.  The  resulting  vine-infested  forests  often  become  barriers  to  wildlife 
movement,  instead  of  habitat  and  corridors.  Without  proper  training  in  management  of 
wild  habitats  or  the  funding  to  carry  out  the  required  tasks  of  burning  or  hand  clearing, 
managers  cannot  preserve  these  habitats.  If  such  patches  are  to  be  preserved  within  private 
property,  funding  for  maintenance  and  training  must  be  provided  and  regular  checks  must 
be  made  to  see  that  landowners  comply  with  management  plans.  The  management  and 
usefulness  of  these  areas  require  examination.  Are  they  the  best  way  to  preserve  wildlife 
habitat?  Are  they  proving  beneficial  to  the  species  they  are  intended  to  protect?  If  they  are 
to  be  maintained,  what  programs  are  required  to  insure  they  fulfill  their  expected  roles  in 
the  landscape? 

Big  Cypress  fox  squirrels  have  shown  a  strong  dependence  on  pines  and  cypress, 
using  them  for  food,  nesting,  and  resting  areas.  Preservation  and  planting  of  pines  and 
cypress  should  be  strongly  encouraged.  Golf  courses  are  currently  moving  away  from  full 
coverage  irrigation  and  this  will  hopefully  allow  more  native  pines  to  persist  in  developed 
landscapes.  In  addition  to  pine  and  cypress,  planting  a  diversity  of  native  trees,  including 
oaks,  maples,  cabbage  palms,  bays,  and  hollies  should  be  encouraged.  The  current  study 
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showed  a  heavy  use  of  spring-fruiting  non-native  tree  species  by  fox  squirrels.  Though  the 
planting  of  non-natives  is  against  the  policy  of  some  organizations  promoting  more 
natural  golf  course  landscapes,  presence  of  these  non-native  species  provides  year-round 
food  in  these  restricted  habitats.  Managers  should  create  diverse  stands  of  trees  that 
provide  a  range  of  food  sources  within  a  small  space.  This  forms  a  richer,  more  resilient 
food  source  and  provides  the  diverse  environment  fox  squirrels  prefer  for  brood  nests. 
Course  designers  and  managers  must  have  information  on  native  plant  sources,  and  plants 
must  be  available  at  competitive  prices  before  native  plantings  will  become  common. 

On  completed  courses,  correct  management  of  existing  tree  stands  is  crucial.  Fox 
squirrels  require  open  tree  stands  for  movement  and  frequent  ground  feeding.  Forested 
areas  must  have  open  understories,  free  of  dense  shrubs,  vines  and  tall  grasses.  This  can  be 
accomplished  by  hand  clearing  or  light  burning.  At  present,  it  is  extremely  difficult  to 
obtain  burning  permits  for  golf  courses,  despite  the  fact  that  ready  irrigation  systems 
provide  excellent  protection  against  uncontrolled  burns.  The  smoke  created  by  such  a  burn 
is  undoubtedly  less  harmful  than  most  of  the  chemicals  used  in  hand  clearing.  Progress 
along  these  lines,  and  studies  addressing  the  efficacy  of  burning  golf  course  roughs,  would 
help  the  more  forward  thinking  managers  who  would  like  to  promote  burning  as  a 
management  tool  for  larger  forested  stands  within  their  courses. 

Cabbage  palms  provide  fox  squirrels  with  high  quality  nesting  sites,  food,  and 
sheltered  resting  areas.  Current  golf  course  management  practices  frequently  involve 
extreme  trimming  of  palms.  This  removes  all  the  fruiting  stalks  and  the  lower  leaves.  What 
remains  is  barely  a  tree  and  is  not  habitat  for  the  range  of  wildlife  frequently  seeking 
protection  from  sun  and  storms  under  the  layered  leaves  and  long  leaf  bases.  Moderation 
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in  trimming  is  one  of  the  easiest  and  least  expensive  management  techniques  benefiting  fox 
squirrels.  It  should  be  encouraged. 

The  presence  of  pine  litter  ground  layers  in  pine  stands  is  an  important 
management  technique  that  promotes  squirrel  feeding  on  fungi.  The  fungi  have  been 
shown  to  be  beneficial  to  pines  and  provide  a  needed  food  source  in  early  summer  months. 
The  litter  layers  can  readily  reduce  maintenance  and  remove  the  need  for  irrigation  of 
grass  in  a  stand  of  native  trees. 

If  nesting  sites  in  pines,  large  bromeliads,  cabbage  palms,  and  cypress  are  in  short 
supply,  managers  may  wish  to  supplement  with  nest  boxes.  Wood  duck  boxes  are  the 
proper  size  and  should  be  placed  at  least  5  meters  up  the  trunk  of  a  fairly  large  tree.  Such 
boxes  will  provide  shelter  in  the  few  times  of  extreme  cold  weather  and  in  driving  rain  and 
wind  storms.  They  may  also  be  used  for  brood  nests. 

Education  is  critical  for  management  of  fox  squirrels  on  golf  courses.  Managers 
must  be  educated  on  methods  to  create  and  maintain  favorable  habitat.  Members  should 
also  be  educated.  Squirrels  are  easily  killed  on  courses  by  cart  drivers  who  are  speeding 
along  and  looking  for  golf  balls  instead  of  squirrels.  Members  should  at  least  be 
encouraged  to  look  out  for  squirrels,  on  the  course  and  on  the  roadways  into  the  course. 
Members  must  also  be  educated  not  to  feed  squirrels.  If  squirrels  are  not  fed  by  people 
they  will  not  be  attracted  to  people  or  carts.  They  will  avoid  carts  and  not  hang  around 
cart  paths  at  tees  and  greens  waiting  for  food.  They  will  be  less  likely  to  be  killed  by 
speeding  carts  or  angry  golfers  who  have  just  lost  a  muffin  to  a  sneaky  squirrel. 

If  course  members  or  managers  have  the  desire  to  feed  fox  squirrels,  this  should  be 
done  in  an  isolated  area  away  from  cart  or  automobile  traffic.  Food  should  be  spread  on 
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the  ground,  not  in  small  feeders  that  require  squirrels  to  climb  around  on  the  same  small 
area.  Such  high  concentration  and  repeated  rubbing  of  fur  and  feet  on  a  feeder  creates  an 
ideal  vector  for  contagious  diseases,  especially  skin  fungus.  Food  should  be  natural,  not 
processed  human  food.  Squirrels  benefit  from  nuts,  berries,  and  grains.  Trimmed  fruits 
from  palms  may  also  be  added  to  the  feeding  site. 

Both  club  members  and  fox  squirrels  will  benefit  if  education  programs  share 
something  of  the  lives  of  fox  squirrels.  Many  golf  course  members  in  Florida  are  not 
familiar  with  our  native  wildlife  and  plants.  A  little  education  may  go  a  long  way  in  helping 
them  to  understand  and  appreciate  these  unique  and  beautiful  fox  squirrels  and  the  larger 
natural  heritage  of  Florida. 


APPENDIX  A 
TREE  SPECIES  ON  STUDY  SITES 


Common  Name 


Family 


Species 


Site  1 
Cypress 


Site  2 
Royal 
Palm 


Royal 
Poinciana 
Pines 


Red  maple 

Holly 

Schefflera 

Norfolk  Island 
Pine 

Queen  palm 

Fishtail  palm 
Royal  palm 
Cabbage  palm 
Jacaranda 

Trumpet  Tree 
Toog  Tree 
Austrailian  Pine 

Black  olive 
Southern  Red 
Cedar 
Tallow  tree 
Earleaf  acacia 

Rosewood 
Poincianna 
Copper  pod 

Pongam 
Laurel  oak 
Live  oak 


Aceraceae 

Aquifoliaceae 

Araliaceae 

Araucariaceae 

Arecaceae 

Arecaceae 
Arecaceae 
Arecaceae 
Bignoniaceae 

Bignoniaceae 
Bischofiaceae 
Casuarinaceae 

Combretaceae 
Cupressaceae 

Euphorbiaceae 
Fabaceae 

Fabaceae 
Fabaceae 
Fabaceae 

Fabaceae 
Fagaceae 
Fagaceae 


Acer  rubrum  x 

Ilex  opaca  x  x 

Schefflera  x 

actinophylla 

Araucaria  x 
heterophyla 

Arecastrum  x  x 

romanzoffianum 

Caryota  mitis  x 
Roy  stoma  spp.  x  x 

Sabal  palmetto  x  x 

Jacaranda  x  x 

mimosffolia 

Tabebuia  argentea  x 
Bischofia  javanica  x 
Casuarina  x 
cunninghamiana 

Bucida  buceras  x  x 

Juniper  silicicola 

Sapium  sebiferum  x  x 
Acacia  x  x 

auriculiformis 

Dahlbergia  sissoo         x  x 

Delonix  regia  x 

Peltaphorum  x 

pterocarpum 

Pongamia  pinnata 

Quercus  laurifolia        x  x 

Quercus  x  x 

virginianum 


x 
x 
x 


x 
x 


x 
x 


x 
x 

x 
x 

x 

X 


X 
X 
X 
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Red  bay 

Lauraceae 

Avocado 

Lauraceie 

Mahogany 

Meliaceae 

Wild  Tamannd 

Mimosaceae 

Fig 

Moraceae 

Eucalyptus 

Myrtaceae 

Eugenia 

Myrtaceae 

Java  plum 

Myrtaceae 

Bottle-brush 

Myrtacece 

White  Ash 

Oleaceae 

Screw  Pine 

Pandanaceae 

Slash  pine 

"TV  * 

Pinaceae 

Silk  oak 

Proteaceae 

Orange 

Rutaceae 

Grapefruit 

Rutaceae 

Pond  cypress 

Taxodiaceae 

Bald  cypress 

Taxodiaceae 

Per  sea  borbonia 
Persea  americana 
Swietenia 
mahogani 
Lysiloma 
latisiliquum 
Ficus  spp. 
Eucalyptus  sp. 
Eugenia  sp. 
Syzigium  cumini 
Callistemon 
rigidus 
Fraxinus 
americana 
Pandanus  utilis 
Pinus  elliottii  var. 
densa 

Grevillea  robusta 

Citrus  sinensis 

Citrus  x  paradisi 

Taxodium 

ascendens 

Taxodium 

distichum 
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GOLF  COURSES,  SQUIRREL  LEVELS,  AND  LEI  RANKINGS 
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Club 

Course 

Course  # 

Squirrel 
level 
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Vines 

24 

1 
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Olde  Florida 

9 

2 

0.470 

Wilderness 

42 

3 

0.443 

Quail  West 

Lakes 

4 

1 
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Eastwood 

40 

2 
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Colliers  Reserve 

10 

3 
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APPENDIX  C 
HOME  RANGE  DATA  FOR  SITES  1  AND  2 
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